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SURFACE WATER SUPPLY OF HUDSON BAY AND
UPPER MISSISSIPPI RIVER BASINS, 1917.

AUTHORIZATION AND SCOPE OF WORK.

This volume is one of a series of 14 reports presenting records of
measurements of flow made on streams in the United States during
the year ending September 30, 1917.

The data presented in these reports were collected by the United
States Geological Survey under the following authority contained in
the organic law (20 Stat. L., p. 394):

Provided, That this officer [the Director] shall have the direction of the Geological
Survey and the classification of public lands and examination of the geological struc-
ture, mineral resources, and products of the national domain.

The work was begun in 1888 in connection with special studies
relating to irrigation in the arid West. . Since the fiscal year ending
June 30, 1895, successive sundry civil bills passed by Congress have
carried the following item and appropriations:

For gaging the streams and determining the water supply of the United States, and
for the investigation of underground currents and artesian wells, and for the prepa- -
ration of reports upon the best methods of utilizing the water resources.

Annual appropriations for the fiscal years ending June 30, 1895-1918.

1895 - - o oo el $12, 500
1896 -+ e e e 20, 000
1897 to 1900, inclusive............ e 50, 000
1901 t0 1902, inclusive oo e eee i 100, 000
1903 t0 1906, inclusive. ..o cvi i 200, 000
T 150, 000
1908 £0 1910, FNCIUSIVE - -« « -« o e eeeneee e e eeaneaanes 100, 000
1911 10 1918, inclusive.. ... oo ool e earenena- 150, 000

In the execution of the work many private and State organizations
have cooperated either by furnishing data or by assisting in collecting
data. Acknowledgments for cooperation of the first kind are made
in connection with the description of each station affected; coopera-
tion of the second kind is acknowledged on page 11.

Measurements of stream flow have been made at about 4,250 points
in the United States and also at many pomts in Alaska and the Ha-
wailan Islands. In July, 1917, 1,180 gaging stations were being
maintained by the Survey and the cooperating organizations., Many
miscellaneous discharge measurements are made at other points. In
connection with this work data were also collected in regard to pre-

7
~



8 SURFACE WATER SUPPLY, 1917, PART V.

cipitation, evaporation, storage reservoirs, river profiles, and water
power in many sections of the country and will be made available in
water-supply papers from time to time. Information in regard to
publications relating to water resources is presented in the appendix
to this report.

DEFINITION OF TERMS.

The volume of water flowing in a stream—the “run-off” or “dis-
charge”’—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups—(1) those that represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and discharge in second-feet
per square mile, and (2) those that represent the actual quantity of
water, as run-off in depth in inches, acre-feet, and millions of cubic
feet. The principal terms used in this series of reports are second-
feet, second-feet per square mile, run-off in inches, acre-feet, and
milligns of cubic feet. They may be defined as follows:

“Second-feet”” is an abbreviation for “cubic feet per second.” A
second-foot is the rate of discharge of water flowing in a channel of
rectangular cross section 1 foot wide and 1 foot deep at an average
velocity of 1 foot per second. It is generally used as a fundamental
unit from which others are computed

“Second-feet per square mile” is the average number of cubic feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed uniformly both as
regards time and area.

“Run-off (depth in inches)” is the depth to which an area would
be covered if all the water flowing from it in a given period were
uniformly distributed on the surface. It is used for comparing
run-off with rainfall, which is usually expressed in depth in inches.

An “acre-foot,” equivalent to 43,560 cubic feet, is the quantity
required to cover an acre to the depth of 1 foot. The term is com-
monly used in connection with storage. for irrigation.

“Millions of cubic feet” is applied to quantities of water stored in
reservoirs, most frequently in connection with studies of flood control.

The following terms not in common use are here defined:

“Stage-discharge relation,” an abbreviation for the term ‘relation
of gage height to discharge.”

“Control;”” a term used to designate the section or sections of the
stream channel below the gage which determine the stage-discharge
relation at the gage. It should be noted that the control may not be
the same section or sections at all stages.

The “point of zero flow” for a gaging station is that point on the
gage—the gage height—to which the surface of the river falls when
the discharge is reduced to zero.
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EXPLANATION OF DATA.

The data presented in this report cover the year beginning October
1, 1916, and ending September 30, 1917. At the beginning of January
in most parts of the United States much of the precipitation in the
preceding three months is stored as ground water in the form of snow
or ice, or in ponds, lakes, and swamps, and this stored water passes
off in the streams during the spring break-up. At the end of Septem-
ber, on the other hand, the only stored water available for run-off
is possibly a small quantity in the ground; therefore the run-off for
the year beginning October 1 is practically all derived from precipi-
tation within that year.

The base data collected at gaging stations consist of records of
stage, measurements of discharge, and general information used to
supplement the gage heights and discharge measurements in deter-
mining the daily flow. The records of stage are obtained either
from direct readings on a staff gage or from a water-stage recorder
that gives a continuous record of the fluctuations. Measurements
of discharge are made with a current meter. (See Pls. I, II.) The
general methods are outlined in standard textbooks on the measure-
ment of river discharge.

From the discharge measurements rating tables are prepared that
give the discharge for any stage, and these rating tables, when
applied to the gage heights, give the discharge from which the daily,
monthly, and yearly means of discharge are determined.

The data presented for each gaging station in the area covered by
this report comprise a description of the station, a table giving records
of discharge measurements, a table showing the daily discharge of the
stream, and a table of monthly and yearly discharge and run-off.

If the base data are insufficient to determine the daily discharge,
tables giving daily gage height and records of discharge measurements
are published. ”

The description of the station gives, in addition to statements
regarding location and equipment, information in regard to any con-
ditions that may affect the permanence of the stage-discharge relation,
covering such subjects as the occurrence of ice, the use of the stream
for log driving, shifting of control, and the cause and effect of back-
water; it gives also information as to diversions that decrease the
flow at the gage, artificial regulation, maximum and minimum
recorded stages, and the accuracy of the records.

The table of daily discharge gives, in general, the discharge in
second-feet corresponding to the mean of the gage heights read each
day. At stations on streams subject to sudden or rapid diurnal
fluctuation the discharge obtained from the rating table and the mean
daily gage height may not be the true mean discharge for the day. If
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such stations are equipped with water-stage recorders the mean daily
discharge may be obtained by averaging discharge at regular intervals
during the day, or by using the discharge integrator, an instrument
operating on the principle of the planimeter and containing as an
essential element the rating curve of the station.

In the table of monthly discharge the column headed “Maximum™”
gives the mean flow for the day when the mean gage height was
highest. As the gage height is the mean for the day it does not indi-
cate correctly the stage when the water surface was at crest height,
and the corresponding discharge was consequently larger than given
in the maximum column. Likewise, in the column headed ‘Mini-
mum’’ the quantity given is the mean flow for the day when the mean
gage height was lowest. The column headed “Mean’’ is the average
flow in cubic feet per second during the month. On this average
flow computations recorded in the remaining columns, which are
defined on page 8, are based.

The deficiency table presented for some of the gaging stations shows
the number of days in each year on which the mean daily discharge
was less than the discharge given in the table. By subtraction the
table gives the number of days each year that the mean daily dis-
charge was between the discharges given in the table and, also by
subtraction, the number of days that the mean daily discharge was
equal to or greater than the discharge given. If one discharge rating
table was used throughout the period covered by the deficiency table,
gage heights that correspond to the discharges are also given.

ACCURACY OF FIELD DATA AND COMPUTED RESULTS.

The accuracy of stream-flow data depends primarily (1) on the
permanence of the stage-discharge relation and (2) on the accuracy of
observation of stage, measurements of flow, and interpretation of
records. :

A paragraph in the description of the station gives information
regarding the (1) permanence of the stage-discharge relation, (2) pre-
cision with which the discharge rating curve is defined, (3) refinement
of gage readings, (4) frequency of gage readings, and (5) methods of
applying daily gage heights to the rating table to obtain the daily
discharge.!

For the rating tables ‘“well defined” indicates, in general, that the
rating is probably accurate within 5 per cent; ‘“fairly well defined,”
within 10 per cent; “poorly defined,” within 15 to 25 per cent.
These notes are very general and are based on the plotting of the
individual measurements with reference to the mean rating curve.

1 For a more detailed discussion of the accuracy of stream-flow data see Grover, N. C., and Hoyt, J. C.,
Accuracy of stream-flow data: U. S. Geol. Survey Water-Supply Paper 400, pp. 53-59, 1916.
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The monthly means for any station may represent with high
accuracy the quantity of water flowing past the gage, but the figures
showing discharge per square mile and depth of run-off in inches
may be subject to gross errors caused by the inclusion of large non-
contributing districts in the measured drainage area, by lack of
information concerning water diverted for irrigation or other use,
or by inability to interpret the effect of artificial regulation of the
flow of the river above the station. ‘‘Second-feet per square mile”
and “Run-off (depth in inches)”’ are therefore not computed if such
errors appear probable. The computations are also omitted for
stations on streams draining areas in which the annual rainfall is
less than 20 inches. All figures representing ‘second-feet per square
mile” and “run-off (depth in inches)” previously published by the
Survey should be used with caution because of possible inherent
sources of error not known to the Survey.

The table of monthly discharge gives only a general idea of-the flow
at the station and should not be used for other than preliminary
estimates; the tables of daily discharge allow more detailed studies
of the variation in flow. It should be borne in mind, however, that
the observations in each succeeding year may be expected to throw
new light on data previously published.

COOPERATION.

In Montana the \work was done in cooperation with the United
States Reclamation Service. The station on St. Mary River at
Kimball, Alberta, was maintained in cooperation with the Canadian
Department of Interior.

In Minnesota the work was carried on in cooperation with the
State Drainage Commission, E. V. Willard, acting State drainage
engineer, under terms of an act of the legislature of 1909 as embodied
in joint resolution 19, which reads as follows:

Whereas the water supplies, water powers, navigation of our rivers, drainage of our
lands, and the sanitary condition of our streams and their watersheds generally form
one great asset and present one great problem, therefore:

Be it resolved by the house of representatives, the senate concurring, That the State
drajnage commission be, and is hereby, directed to investigate progress in other States
toward the solution of said problem in such States, to investigate and determine the
nature of said problems in this State.

The International Joint Commission maintained the water-stage
recorder and paid the salary of the observer at the station on Ka-
wishiwi River near Winton, and the United States Engineer Corps
paid the salaries of the observers at the stations on Minnesota River
near Montevideo and Chippewa River near Watson.

In Wisconsin the work was carried on in cooperation with the
Railroad Commission of Wisconsin, C. M. Larson, chief engineer,
and at certain stations with the following organizations: Wisconsin-
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Minnesota Light & Power Co. (Chippewa River at Chippewa Falls,
Red Cedar River near Colfax, Red Cedar River at Cedar Falls,
Red Cedar River at Menomonie), Chippewa & Flambeau Improve-
ment Co. (Chippewa River at Bishops Bridge near Winter), Stough-
ton Municipal Electric Light System (Yahara River near Edgerton).

In Towa the work was carried on in cooperation with the Iowa
Geological Survey, George F. Kay, director, and the Mississippi
River Power Co., of Keokuk, Iowa.

In Illinois work was carried on in cooperation with the State of
Illinois, through the Rivers and Lakes Commission until June 30,
and the Division of Waterways of Public Works and Buildings after-
ward, and at single stations with the United States Army Engineer
Corps (Illinois River at Peoria) and the Central Illinois Public Service
Co. (South Fork of Sangamon River at power plant near Taylorville).

DIVISION OF WORK.

The data for stations in the Hudson Bay basin, except in Minne-
sota, were collected and prepared for publication under the direction
of W. A. Lamb, district engineer, Helena, Mont., assisted by A. H.
Tuttle and E. F. Chandler.

The data for stations in the Hudson Bay and Mississippi River
basins in Minnesota were collected and prepared for publication
under the direction of W. G. Hoyt, district engineer, assisted by S. B.
Soulé and R. B. Kilgore, and by E. F. Chandler, assisted by T. M.
‘Wardwell, L. B. Dale, and H. A. Noble.

For stations in the Mississippi River basin in Wisconsin the data
were collected for publication under the direction of W. G. Hoyt,
assisted by E. L. Williams, R. B. Kilgore, F. W. Huels, and J. P.
Schwada.

For stations in the Mississippi River basin in Towa the data were
collected under the general direction of W. G. Hoyt and under the
immediate direction of R. H. Bolster, assisted by C. Herlofson and
A. Davis. The data for stations in the Mississippi River basin in
Illinois were collected under the general direction of W. G. Hoyt and
under the immediate direction of H. C. Beckman, assisted by G. J.
Trinkaus. A. M. Wohl, H. S. Wohl, and Marcia Towle.

GAGING=-STATION RECORDS.
HUDSON BAY DRAINAGE BASINS.

ST. MARY RIVER NEAR BABB, MONT.
[Including diversion from Swiftcurrent Creek.]

LocatioN.—About 1,040 feet above the headworks of St. Mary canal, one-fourth mile
below outlet of Lower St. Mary Lake, and 2 miles south of Babb, on Blackfeet
Indian Reservation, in Teton County.

DrAINAGE AREA.—278 square miles (including area of Swiftcurrent Creek above
point of diversion into St. Mary Lake).
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RECORDS AVAILABLE.—April 9, 1902, to September 30, 1917. Records prior to Octo-
ber, 1915, do not include the flow of Swiftcurrent Creek.

Gage.—Chain gage on right bank. During the winter months a temporary low-water
gage opposite the chain gage wasread. Gages read by employees of the United
States Reclamation Service. ’

DiscHARGE MEASUREMENTS.—Made from cable 560 feet below gage, or by wading.
Until September, 1909, the cable was at a point about 300 feet downstream from
its present location.

CHANNEL AND CONTROL.—Bed of stream practically permanent. Banks high and
not subject to overflow. The concrete diversion dam for the St. Mary canal,
located 1,040 feet below the gage, forms the control. The dam is provided with
flashboard sluice gates near the canal headgates. Stage-discharge relation is
permanent when the flashboards in the sluice gates remain at the level of the
crest of the dam. .

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 5.60 feet June 10
and 11 (discharge, 4,160 second-feet); minimum discharge, 66 second-feet April1.

1902-1917: Maximum stage estimated at 9.4 feet June 5, 1908 (discharge, 7,980
second-feet); minimum discharge, 20 second-feet, April 3-7, 1904.

Ice.—Stage-discharge relation affected by ice for short periods.

Diverstons.—None. .

Recuration.—Natural storage in St. Mary Lakes. The flow of Swiftcurrent Creek
was diverted into lower St. Mary Lake on October 1, 1915. The flow of this
stream will be regulated by Sherburne Lake reservoir.

Accuracy.—Stage-discharge relation permanent when flashboards in sluice gates of
dam are kept at level of crest of dam. Four rating curves have been developed
and used for the periods noted: October 1-10, fairly well defined; October 11 to
December 4 and April 11-19, and July 23 to September 9, well defined; April 20
to July 22 and September 13-30, well defined; January 6 to April 5, poorly de-
fined. Gage read twice daily during the open season and once daily in winter.
Daily discharge ascertained by applying daily gage height to rating table except
for periods affected by ice or by shifting control. Discharge, December 5 to
January 5 estimated from temperature records and notes by observer. Records
good.

The diversion dam below the gaging station was constructed by the United States
Reclamation Service for the purpose of diverting water from St. Mary River into the
St. Mary canal, which carries the water across the divide into the North Fork of Milk
River. The water then flows in the natural channel of Milk River through Canada,
and is finally used for irrigation in the Milk River Valley in Montana. The present
capacity of the diversion canal is about 425 second-feet. A storage reservoir is being
provided on Swiftcurrent Creek by constructing a dam at the outlet of Sherburne
Lake. By means of a diversion channel connecting Swiftcurrent Creek and Lower
St. Mary Lake, the run-off from Swiftcurrent Creek is made available for diversion
through St. Mary canal.

Discharge measurements of St. Mary River near Babb, Mont., during the year ending
Sept. 30, 1917.

[Made by W. A, Lamb.)

Gage Dis- Gage Dige
Date. height. | charge. Date. heizit. charge.
1?'e(t’31.‘.65 Sw‘-ﬁéﬁs ' Fe‘ft.4 5 Sec.iftgm
— .55 85 3.58 1,950
— .43 116 1.75 630
4.82 3,320 1.69 363
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Daily discharge, in second-feet, of St. Mary River near Babb, Mont., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dee. | Jan, | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Bept.
462 177 154 108 89 81 66 205 | 2,840 | 2,770 | 1,010 511
462 183 150 106 89 70 205 | 2,840 | 2,720 932 507
444 183 171 103 89 81 205 | 2,620 | 2,690 860 467
426 159 102 89 81 73 205 | 2,620 | 2,730 849 463
409 171 150 100 81 81 73 205 | 2,510 | 2,800 78 463
392 171 146 97 81 81 79 205 | 2,510 | 2,840 750 433
360 171 143 97 73 81 86 205 | 2,510 | 2,880 750 430

171 140 97 73 81 93 250 | 2,950 { 2,840 750 398
301 211 139 97 70 81 100 300 | 3,500 | 2,740 750 398
287 196 138 89 70 81 107 415 | 3,940 ] 2,690 750
236 183 138 97 73 81 114 620 | 4,160 | 2,550 740 377
245 183 137 97 73 81 114 770 | 4,160 | 2,580 700 366
265 183 137 97 77 81 119 | 1,020 | 3,830 | 2,510 675 355
245 183 136 97| & 81 119 | 1,460 | 3, 2,390 655 385
255 171 136 97 81 81 1241 1,760 | 3, 2,200 650 385

1 190 130 81| 165|26201(3,501)1,3600| 645] 355
171 1] 130 s1! 205]2950]3390)1,280] 630) 355
B0 17| 127 73 3,000 [ 3,220 1,250 | 605

10| 165 125 73| 20513280 (3060 1,250 563 355
177] 15| 122 73] 205]3280|2000]1,170| 520/ 355
190 | 110 73 |.... .. 3170 |...... 1, 520}.......

Note.—No gja;ge—height record Dec. 5 to Jan, 5; discharge estimated from temperature records and notes
by observer, Discharge estimated beeause of ige for following periods: Jan. 21, 29-31, Feb. 1, 16-28, and
. 1-11. Discharge, Apr. 6-10, interpolated because of change in stage-discharge relation. .

Monihly discharge of St. Mary River near Babb, Mont., for the year ending Sept. 30, 1917.
[Drainage area, 278 square miles.}

Discharge in second-feet. Run-off.
Month. Por Depthin Totali
: 3 inches on 'otal in
Maximum, [ Min.mum.| Mean. s]t}]l]g.lage drainage | acre-feet.
g area,
471 11 305 1.10 1.27 18,800
352 154 209 .752 .84 12,400
171 110 137 .493 .57 8,420
108 94.2 .339 .39 5,790
70 80.1 .288 .30 4,450
81 73 80.1 . 238 .33 4,920
205 66 127 .457 .51 7,
3,280 205 | 1,640 5. 6.80 101,000
4,160 2,510 | 3,390. | 12.2 13.61 202,000
2, 1,170 | 2,110 7.59 8.75 130,000
1,010 520 7 2.52 2.90 43,300
511 355 301 1.41 1.57 23,300
4,160 66 775 2.79 37.84 562, 000

a Includes drainage area of Swiftcurrent Creek above point of diversion into St. Mary Lake.

ST. MARY RIVER NEAR KIMBALL, ALBERTA.

LocatioN.—In SW. } sec. 25, T. 1 N., R. 25 W. fourth meridian, about 1 mile south
of Kimball, Alberta, and 5 miles north of international boundary.
DRAINAGE AREA.—472 square miles (measured on topographic maps).
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RECORDS AVAILABLE.—January 1, 1913, to September 30, 1917. From September 4,
1902, to December 31, 1912, records were obiained at a poini one-fourth mile
below the boundary line. Records were also obtained by the Irrigation Branch
(now the Reclamation Service), Department of the Interior, Canada, at a point
about half a mile below the present station, from 1905 to 1912. The discharge
at the three points is practically the same.

Gace.—Stevens water-stage recorder with a concrete well and shelter on the right
bank used during the open-water season. A staff gage at cable from which dis-
charge measurements were made was used October 1 to November 8. A chain gage
attached to the highway bridge 2 miles below the station was used November
10 to May 5 when stage-discharge relation was affected by ice.

DiscEARGE MEASUREMENTS.—Made from a cable three-fourths of a mile below the
gage; low-water measurements made by wading near the cable.

CEANNEL AND CONTROL.—Bed of stream at the gage and at the control is composed
of boulders and sandstone ledges. The control is formed by an outcropping
ledge of sandstone. Stage-discharge relation is affected by a large gravel bar
which has formed on the right bank at the control.

EXTREMES OF DISCHARGE.—Maximum stage during year from water-stage recorder,
6.93 feet at 6 p. m. June 11 (discharge, 5,230 second-feet); minimum discharge,
100 gecond-feet January 30 and 31.

1902-1917: Maximum stage recorded, 12.75 feet, June 5, 1908 (discharge, 18,000
second-feet, estimated by comparison with record for station near Babb); mini-
mum discharge, 70 second-feet,! February 5, 1914. '

Ice.—Stage discharge relation seriously affected by ice. Daily discharge computed
from discharge measurements and temperature records.

Diversions.—The St. Mary canal, constructed by the United States Reclamation
Service, diverts water from St. Mary River near Babb, Mont., to the North Fork
of Milk River. During 1917, 33,600 acre-feet was diverted. The Alberta Rail--
way & Irrigation Co. canal diverts from St. Mary River about a mile below the
station.

ReeuraTiON.—The flow of Swiftcurrent Creek will be regulated by the Sherburne
Lake reservoir, under construction by the United States Reclamation Service.

Accuracy.—Stage-discharge relation changed during high water June 9-13; affected
by ice November 10 to May 5. Rating curves used as follows: October 1 to
November 8, fairly well defined; May 7 to June 8, well defined between 470 and
4,000 second-feet; June 14 to September 30 well defined between 200 and 5,000
second-feet. Staff gage read to hundredths twice daily October 1 to November 9;
chain gage read November 10 to May 5. Gage heights May 7 to September 30
obtained from recorder graph by averaging the stage for hourly intervals. Daily
discharge ascertained by applying mean daily gage height to rating table except
for periods during which stage-discharge relation was affected by shifting control
orice. Recordsgood.

CooPERATION.—Station maintained jointly with the Reclamation Service, Depart-
ment of the Interior of Canada.

1 Only estimates of mean monthly flow are available for the winter periods from 1902 to 1912, inclusive,
and a lower minimum discharge may have occurred during that time.
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Discharge measurements of St. Mary River near Kimball, Alberta, during the year ending
Sept. 30, 1917.

Ga, Dis- Gage | Dis-
Date. Made by— height. | charge. || Date- Made by— height. | charge.
Feet. | Sec.t, . Feet, | Sec.ft
b3.23 342 || May 24 | A. W, P. Lowriea_.._. 5.501 2,
4.25 440 26 |..... A0 5.9 3,
4,28 418 27 |-....do.. 6.081 3,570
3.95 210 28 |..... do... 6.20 3,730
¢ 5.57 241 || June 14 | W. A, Lamb 6.15| 4,070
€5.38 118 18| A.W.P. 6.47 | 4,790
€5.76 140 19 |..... do... ... 6.44 4,750
€5.54 140 20.....do.. 6.46 ] 4,690
€ 5.69 110 22 ... do.. 6.43 4,720
c6.83 651 [} July 9|.....do... 5.47 | 2,900
€6.37 824 20 [ W. A. Lamb.... 4.85 1,870
©5.98 597 26 | A.'W.P.Lowriea.....| 4.25 1,270
¢ 5.53 376 | Aug, 23 1..... d 3.00 494
3.11 504 || Sept. 14 | W. A. Lamb. 2.94 454
3.18 562 A.W. P. Lowriea 2.95 453

o Engineer, Reclamation Service, Department of Interior, Canada.
b Gage height referred to staff gage at cable. N A
¢ Gage height referred to chain gage on highway bridge 2 miles below regular station; stage-discharge re-

lation affected by ice.

Daily discharge, in second-feet, of

ending Sept. 30, 1917.

St. Mary River near Kimball, Alberta, for the year

Day. Oct. | Nov. | Dec. Jan.. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
Lo 511 300 245 239 100 132 110 547 | 3,470 | 3,130 837 332
N 483 | 325 235 241 100 131 110 | 568 | 3,350 | 3,100 772 204

336 | 245 240 102| 130 110| 5811}3,280 2,970 708 268
245 240 103 130 250 | - 588 | 3,140 | 3,060 672 253
230 240 | 104 130 | 375| 634]3,0803,020| 610 247
225 240 | 106 130 530 | 6641 3,050 | 3,040 | 560 236
2201 240) 108 130 650 570 | 3,180 | 3,060 | 538 230
215 240 112 131 690 660 | 3,520 | 2,990 538 222
210 240 120 133 735 818 | 3,880 | 2,830 546 250
210 239| 128 135 780 | 1,110 | 4,610 | 2,850 { 551 318
210 235 134 138 824 | 1,410 | 5,200 | 2,730 560 318
210 227| 136 140 5971 1,660 | 5,090 | 2,680 | 515 386
210 214 140 140 485 1 2,050 | 4,940 | 2,600 470 458
210 194 150 140 376 | 2,500 | 4,600 | 2,530 458 470
210 170 155 140 | 372 2,850 | 4,410 ] 2,330 | 434 462
210 140 | 870 | 3,040 | 4,430 | 2,160 | 434 454
210 140 372 | 3,220 | 4,690 | 2,100 430 450
210 140 374 | 3,200 | 4,760 | 2,100 426 450
210 140 384 | 3,170 | 4,760 | 2,160 430 450
210 140 | 410 3,220 | 4,740 | 1,890 | 438 450
210 138 | 438 8,140 | 4,760 | 1,850 | 452 442
210 137 | 450 12,800 | 4,600 | 1,820 466 442
215 134 | 460 | 2,640 | 4,510 { 1,720 | 470 430
215 130| 466 ] 2,510 | 4,240 | 1,670 | 462 470
215 128 472 | 2,780 | 4,140 | 1,440 446 458
220 125 | 47718,380 {4,100 1,320 | 418 450
220 1221 481 13,560 | 3,940 | 1,210 } 390 458
225 120 468 | 3,740 | 3,820 { 1,130 378 442
230 117 475 | 3,840 1 3,510 | 1,090 354 434
235 115| 51713,950 | 3,240 {1,010 | 318 430
237 ... 8,680 [....... 928 340 )...... .

NoTE.—Gage notread, discharge estimated for following days: Oct. 8, 29, Nov. 5, 9, 19, Dec. 3, 10, 17, 20,

24,31, Jan. 1,7, Mar. 11,18, Apr.

2, 27, May 6 and 29.
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Monthly discharge of St. Mary River near Kimball, Alberta, for the year ending Sept. 30,
1

Discharge in second-feet.
Run-offt

Month. (total in

Maximum.| Mihimum.{ Mean. acre-feet).
511 330 391 24,000
440 260 324 19,300
245 210 220 13,500
241 100 174 10, 700
160 100 123 6,830
140 111 132 8,120
824 110 454 27,000
3,950 547 2,230 137,000
5,200 3,050 4,100 244, 000
3,130 928 2,210 136,000
837 318 497 30,600
470 222 382 22,700
5,200 100 940 680, 000

7

Combined daily discharge, in second-feet, of St. Mary River near Kimball, Alberta, and
St. Mary canal at Douglas bridge, near Browning, Mont., for the year ending Sept. 30,

1917.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
511 300 | 245 132 110 | 547 | 3,470 | 3,130 | 1,000 594
483 | 825 235 131 110 | 568 (3,350 | 3,100 | 1,030 556
469 336 245 130 110 581 | 3,280 | 3, 970 530
455 336 245 130 250 588 | 3,140 | 3,160 934 515
42| 320{ 230 130 | 375 6343,080 (3,200, 872 509
469 305 225 130 530 664 | 3,050 | 3,250 822 467
422 | 295| 220 130 | 650 570 (3,180 3,270 | 800 471
48| 825 215 131 690 | 660 | 3,520 | 3,200 800 463
455 350 210 133 735 818 | 3,880 | 3,060 808 491
42 3101 210 135 780 } 1,110 | 4,610 { 3,080 [ 813 519
) § 4221 280 210 138 824 11,410 | 5,200 { 2,970 822 464
120 . 378 280 210 140 597 11,660 { 5,090 | 2,910 77 540
13 360 280 210 140 485 1 2,050 | 4,940 | 2,830 732 596
) S 360 280 210 140 376 | 2,500 | 4,600 | 2,760 720 470
) 1 348 | 200 210 140 | 387212,850 | 4,410 | 2,560 | 696 462
16, i 336 340 210 140 | 370 ] 3,040 | 4,430 | 2,300 | 696 454
i SO 342 40 210 1401 372 3,220 | 4,600 | 2,330 | 692 450
| £ SN 348 | 418| 210 140 374 | 3,200 | 4,760 | 2,330 | 688 450
19, .ol 3718 | 895| 210 140 384 | 3,170 | 4,760 | 2,390 | 692 450
b1 390 355 210 140 410 | 3,220 | 4,740 | 2,130 700 450
.1 P 410 340| 210 138 | 438 3,140 | 4,760 | 2,090 714 442
22 e 390 340 210 137 450 | 2,890 | 4,690 | 2,060 728 442
P J . 378 345 215 134 460 | 2,640 | 4,510 | 1,980 732 430
. 348 | 3421 215 130 466 | 2,510 | 4,240 | 1,830 724 470
25 348 | 333 215 128 472 | 2,780 | 4,140 | 1,700 708 458
. i N 330 323 320 125 477 | 3,380 | 4,100 | 1,570 680 450
b1 342 | 812| 220 122 | 4811 3,560 | 3,940 { 1,460 | 652 458
D 330 296 | 225 120 468 | 3,740 | 3,820 | 1,380 1 640 442
. 330 278 230 117 475 | 8,840 | 8,510 | 1,340 616 434
300 e 330 260 235 115| 517 3,950 | 3,240 | 1,260 | 580 430
Bloiieiann 336 |.nnn-- 237 ... 2680 |...... 1,180 | 602 [.......

Norte.—For table of daily discharge of St. Mary canal at Douglas bridge, see p. 22.

96719°—19—wsp 455——2
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Combined monthly discharge of St. Mary River near Kimball, Alberta, and St. Mary
canal at Douglas bridge near Browning, Mont., for the year ending Sept. 30, 1917.

Discharge in second-feet.
Run-off

Month, (totalin

Maximum. | Minimum. | Mean, | 8crefeet).
511 330 391 24,000
440 260 324 19,300
245 210 220 13,500
241 100 174 10, 700
160 100 123 6,830
140 111 132 8,120
110 454 27,000
3,950 547 2,230 137,000
5,200 3,050 4,100 244,000
3,270 1,180 2,420 149,000
1, 580 759 46,700
596 430 479 28, 500
5,200 100 988 715,000

AY
NotE.-—For table of monthly discharge of St. Mary canal at Douglas bridge, see p. 22.
SWIFTCURRENT CREEK AT MANY GLACIER, MONT.

LocatioNn.—In sec. 12, T. 35 N., R. 16 W., at outlet of McDermott Lake at Many
Glacier, in Glacier National Park, about 14 miles southwest of Babb, in Teton
County.

DRAINAGE AREA.—31.4 square miles (measured on topographic map).

RECORDS AVAILABLE.—June 6, 1912, to September 30, 1917.

Gage.—Vertical staff on the right bank at the outlet of the lake. Prior to May 23,
1918, a staff gage on the left bank opposite the present gage wasread. Gage read
by George Hall, :

DiscHARGE MEASUREMENTS.—Made by wading at the outlet of the lake or below the
falls. High-water measurements made from the highway bridge above the power
house; measuring section at the bridge very poor.

CHANNEL AND coNTroL.—Control is a limestone outcrop at the outlet of the lake.

EXTREMES OF DISCHARGE.—Maximum stage recorded during the year, 4.20 feet at 6
p- m. June 9 (discharge, 1,220 second-feet); minimum discharge, 20 second-feet,
by current-meter measurement, April 14, when stage-discharge relation was
seriously affected by ice. No record of discharge January 1 to April 13.

1912-1917: Maximum stage recorded, 4.75 feet, June 17, 1916 (discharge, 1,550
second-feet); minimum discharge, 10.8 second-feet, March 19, 1912, measured by
current meter.

Toe.—Stage-discharge relation seriously affected by ice January 1 to April 17. Ice
cover on lake November 20 to June 9; records for December may be slightly in
error on account of ice.

Diversions.—None. \

Reaurarion.—None.

Accuracy.—Stage-discharge relation probably permanent during year; seriously
affected by ice. Rating curve used October 1 to December 31, and April 18 to
September 30, well defined between 44 and 825 second-feet, but no current-meter
measurements were made during open season. Gage read to hundredths twice
daily. Daily discharge ascertained by applying mean daily gage height to rating
table. Discharge, April 14, obtained from current-meter measurement of that
date; April 15-17 interpolated because of ice. Records probably fair, but owing
to lack of discharge measurements should be used with caution,
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’

The following discharge measurement was made by W. A. Lamb: April 14, 1917:
Gage height, 1.48 feet; discharge, 19.6 second-feet (stage-discharge relation affected

by ice).

- Dasly discharge, in second-feet, of Swiftcurrent Creek at Many Glacier, Mont., for the year

ending Sept. 30, 1917.

Day. Oct. Nov. Dec. Apr. | May. | June. | July. | Aug. | Sept.
70 63 48 292 525 152 112
67 67 47 470 545 149 112
67 68 48 445 570 144 107
63 70 45 410 5 133 101
62 3 46 415 545 128 94
60 71 47 485 555 128 86
60 70 56 580 565 138 3
60 68 76 759 520 128
59 71 971 1,160 525 128 84
58 68 133 | 1,020 525 133 81
58 65 47 (...t 228 610 530 125 84
55 63 46 |........ 315 510 460 138 90
55 62 46 |........ 440 386 450 149 84
53 60 45 20 5 435 386 159 86
53 60 44 26 908 470 376 159 92
54 60 44 32 610 372 159 97
58 58 44 39 600 | 1,110 381 165 107
62 55 42 47 630 372 168 105
63 55 42 48 362 715 391 172 101
60 53 40 48 343 676 391 175
56 54 40 50 353 615 410 172 95
55 54 40 51 348 635 343 168 95
56 53 41 51 570 329 -159 95
58 53 40 52 485 475 292 152 107
60 53 36 53 575 671 274 141 103
62 54 35 53 585 676 260 133 96
63 53 37 54 575 655 220 130 92
63 54 39 55 505 595 212 125
64 56 42 53 570 575 201 125 97
65 58 44 50 450 515 193 121 92
[i1: 3] PO 0 ]........ 362 |........ 172 116 |........

Note.—8tage-discharge relation seriously affected by ice, Jan. 1 to Apr. 17; data inadequate for deter-
mination of discharge Jan. 1 to Apr. 13.

Monthly discharge of Swiftcurrent Creek at Many Glacier, Mont., for the year ending

Sept. 80, 1917.
[Drainage area, 31.4 square miles.]

Discharge in second-feet. Run-off.
Month, per | Depthin | .
Maximun. | Minimum. | Mesn. | square e on ﬁm
g area.

70 53 60.1 1.91 2.20 3,700

73 60.7 1.93 2.16 3,610

55 35 45.3 1.44 1.66 2,790

55 46,0 1.46 .92 1,550

908 45 346 11.0 12.68 21,300

1,160 613 19.5 21.76 36, 500

570 172 402 12.8 14.76 24,700

175 116 144 4.59 5.29 8,850

12 7 94.4 3.01 3.36 5,620
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SWIFTCURRENT CREEK AT SEERBURNE, MONT.

Location.—In sec. 35, T. 36 N., R. 15 W., near outlet of Lower Sherburne Lake, in
Teton County.

DRAINAGE AREA.—64 square miles (measured on topographic map).

REcorps AVAILABLE.—July 1, 1912, to September 30, 1917.

GageE.—Staff gage on left bank about 300 feet below the spillway of the Sherburne
Lake dam; read by employees of the United States Reclamation Service. From
July 1, 1912, to November 9, 1914, s vertical staff gage was maintained on the
left bank near the outlet of the lake, and at a different datum from the present gage.

DiscHARGE MEASUREMENTS.—Made by wading or from cable 50 feet below gage.

CHANNEL AND CONTROL.—AR outcropping limestone ledge, somewhat broken and
irregular, forms the control; subject to slight shifts.

ExXTREMES OF DISCHARGE.—Maximum stage recorded during year 5.55 feet June
9-11 (discharge 1,070 second-feet); minimum stage 0.40 foot at 8 a. m. May 4
(discharge 6 second-feet).

1912-1917: Maximum stage recorded 7.85 feet June 17, 1916 (discharge 2,280
second-feet); minimum stage 0.5 foot April 25, 1916 (discharge 4 second-feet).

Ice.—Stage-discharge relation not seriously affected by ice.

Drversion.—None.

REecuLaTioN.—The natural flow of the stream was affected by placing and removing
flaghboards on the temporary construction dam built at the outlet in connection
with the Sherburne Lake storage dam.

Accuracy.—Stage-discharge relation changed probably March 27. Rating curves
used October 1 to March 27 and March 28 to September 30 are well defined.
Gage read to hundredths twice daily. Daily discharge ascertained by applying
mean daily gage height to rating table. Records good.

Discharge measurements of Swiftcurrent Creek at Sherburne, Mont., during the year
ending Sept. 80, 1917.

[Made by W. A. Lamb.}

Gage Dis- Gage Dis- Gage | Dis-
Date. height. | charge. Date. height. | charge. Gage. heigit. charge.
Feet. | Secft. Feet. | Sec.t. Feet, |Secft.
Nov.22........ 1.46 58 || June 14 5.20 914 || Aug.17......... 2.30 154
]A&pt‘ 13, 1.28 50 30........ 4.39 636 || Sept.13......... 1.82 85
ay17......... 5.25 970 || July 20......... 3.96 515
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Daily discharge, in second-feet, of Swiftcurrent Creek at Sherburme, Mont., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov, | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
65 56 30 18 22 18 30 60 584 646 202 118
65 65 34 14 20 18 30 54 646 646 178 118

65 38 16 18 18 30 27 646 648 146 12
70 76 39 15 20 15 28 6| 646 712 3 ‘104
70 42 19 21 14 36 8 614 72 60 100
58 70 45 19 20 18 36 12 614 72 M
81 45 18 23 15 36 40 746 712 159
56 70 43 18 22 14 43 97 930 678 236 56
5 81 39 18 21 14 43 420 | 1,010 646 62
76 38 18 22 14 47 426 | 1,0% 614 187 68
56 58 36 19 23 14 49 394 | 1,070 584 148 75
56 b1 33 21 24 15 53 526 | 1,050 584 145 77
58 54 32 21 24 13 51 646 | 1,010 584 145 89
48 60 32 22 22 13 49 712 970 420 145 124
56 210 30 24 21 13 51 818 892 300 145 138
46 349 29 24 s 13 51 930 892 420 139 131
42 281 27 22 24 13 49 930 970 446 159 118
46 166 7 20 21 12 48 892 | 1,010 554 159 118
56 113 27 20 1 12 48 854 | 1,610 554 173 118
7 29 20 21 15 49 782 | 1,010 498 187 118
106 65 29 18 21 15 55 712 | 1,010 472 202 112
9 54 29 18 21 17 60 472 | 1,010 472 202 105
7 51 28 18 21 18 62 420 970 370 187 106
7 42 27 18 16 370 930 322 187 105
9 42 26 19 21 15 66 584 892 322 173 112
12 42 26 19 21 16 69( 782 892| 258 159 112
18 38 25 26 65 782 854 256 159 112
34 36 24 25 62 782 678 278 105 112
70 32 24 28 59 818 614 300 165 112
54 34 21 28 57 82 236 105 112
60 1....... 21 29 [.eeen.. 678 |....... 218 112 |.......

Monthly discharge of Swiftcurrent Creek at Sherburne, Mont., for the year ending Sept.

30, 1917.
Di feet.

ischarge in second-feet Run-off

Month. - (totalin

Maximum. | Minimum, | Mean, | 8cre-foet).
106 50.0 3,070
349 32 85.6 5,000
45 3.4 1,930
25 14 19.7 1,210
24 18 21.4 1,190
% 12 16.8 1,030
69 28 49.2 2,930
[ 510 31,400
1,070 584 863 51,400
2 218 | 489 30,100

69 155

138 103 6,130
The Jear.......ouomimmmin et . 1,070 6 200 145,000

U. S. RECLAMATION SERVICE ST. MARY CANAL AT HUDSON BAY DIVIDE, NEAR
BROWNING, MONT.

Locatron.—At Douglas bridge on the Hudson Bay divide, 3 miles above the outlet of
the canal, 30 miles directly north of Browning on the Blackfeet Indian Reservation.

REcorDs AvainasLeE.—July 3 to September 13, 1917.

Gaee.—A vertical staff, graduated to tenths, nailed to upstream side of left pier of
bridge; read by U. 8. Reclamation Service ditch rider.

DiscHARGE MEASUREMENTS.—Made from upstream side of bridge at the gage.

CHANNEL AND CONTROL.—The channel is uniform, but the slope varies with the stage-
Control is a V-shaped concrete drop 1 mile below the gage.
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ExTREMES OF DISCHARGE.—Maximum discharge during the year 254 second-feet.

ReguraTioN.—The flow is regulated at the headgates 26 miles above. A small reser-
voir at Spider Lake serves to equalize sudden changes at the headgates.

Accuracy.—Stage-discharge relation practically permanent. Gage read to tenths
once daily. Discharge computed by using a rating curve hased on discharge
measurements made in 1918 and measurements of North Fork of Milk River at
Peter’s Ranch helow the outlet of the canal. Records fair.

St. Mary canal diverts from St. Mary River near Babb, Mont., and carries the water
across the divide into North Fork of Milk River. The waterisused forirrigation in the
Milk River vallcy in Montana.

Daily discharge, in second-feet, of U. S. Reclamation Service St. Mary canal at Hudson
Bay divide, near Browning, Mont., for the year ending Sept. 30, 1917.

Day July. |Aug. | Sept. Day. July.| Aug. | Sept. Day. July. | Aug. | Sept.

NotE.~—No flow in canal Oct. 1 to July 2 and Sept. 14-30. ’

Monthly discharge of U. S. Reclamation Service St. Mary canal at Hudson Bay divide,
near Browning, Mont., for the year ending Sept. 30, 1917.

Discharge in second-feet.

Run-off
Month. (totalin
Maximum. | Minimum. | Mean. | 8€re-feet).

iuly BBl e e naan 254 86 218 g,%
o 5,540

33,600

OTTERTAIL RIVER AT GERMAN CHURCH, NEAR FERGUS FALLS, MINN.

Locarion.—At highway bridge on south line of sec. 81, T. 134 N., R. 42 W, about
5 miles upstream from old station known as *‘Ottertail River, near Fergus Falls,”
and about 8 miles north of Fergus Falls, Ottertail County.

DrAINAGE AREA.—1,300 square miles,

RecORDS AVAILABLE.—October 29, 1913, to September 30, 1917, when station was
discontinued. May 9, 1904, to October 22, 1913, records were collected at a
station about 5 miles downstream from the present gite. The drainage area at
the lower station is only 10 square miles larger than at the upper, and no tribu-
taries intervene.

Gaae.—Chain gage attached to the downstream handrail near the right bank; read
by D. 8. Danielson.

DISCHARGE MEASUREMENTS.—Made from downstream side of the bridge.

CHANNEL AND coNTROL.—Bed composed of sand, gravel, and boulders. Rapids
about 100 feet below the gage form a well-defined control, which is practically
permanent except for an occasional elight growth of vegetation in the channel.
Banks at and above the gage are high; probably not subject to overflow. At
the control the land adjacent to the left bank is low and will be overflowed at
a stage of about 5 feet.



HUDSON BAY DRAINAGE BASINS. 28

ExTREMES OF piscHArGE.—Maximum stage recorded during year, 2.45 feet October
2, 3, 12, and 13 (discharge, 613 second-feet); minimum stage recorded, 0.88 foot
Sept. 10 and 11 (discharge, about 121 second-feet).

1914-1917: Maximum stage recorded, 3.0 feet at 8.30 a. m. June 29, 1916 (dis-
charge, 982 second-feet); minimum stage recorded September 10, 11, 1917.

Ioe.—Stage-discharge relation seriously affected by ice.

RrcuraTion.—Fluctuations caused by the operation of a number of dams and small
mills above the station are equalized by small lakes through which the river
flows before reaching the station, so that they are not observable at the gage.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 237 and 837 second-feet; extended and subject to
error outside these limits. Gage read to quarter-tenths once daily; fluctuations
in stage so gradual that good results are obtained from one reading a day. Daily
discharge ascertained by applying daily gage height to rating table except for
period when stage-discharge relation wasaffected by ice, for which it wasobtained
by applying to rating table daily gage height corrected for effect of ice by means
of discharge measurements, observer’s notes, and weather records. Open water
records excellent, except those for low stages, which are subject to error; winter
records good.

Discharge measurements of Ottertail River at German Church, near Fergus Falls, Minn.,
during the year ending Sept. 30, 1917

[Made by S. B. Souls.)

Date. Cage Dis- Date. hgi;i%. Dis-

height. charge. charge.
Feet, Sec.-ft. Feet. | Sec.ft.
Dec.296... ...l 3.07 324 i Mar. 8o ...l 3.95 29
Jan.26@... ...l 3.39 284 || June29......... ... 1.84 340
a Complete ice caver. .

Daily discharge, in seczmd feet, of Ottertail River at German Church, near Fergus Falls,
Minn., for the year ending Sept. 30, 1917.

Dee, | Jaun. | Feb. | Mar, | Apr. | May. | June. { July. | Aug. | Sept.
480 | 320 280 250| 355| 530| 480 327 | 200 137
480 320 280 250 360 530 480 307 200 137
455 320 280 250 375 530 480 307 196 137
435 3 280 250 530 457 304 196 134
415 315 275 250 385 530 434 304 192 130
415 315 275 245 390 530 434 300 188 127
30| 315 275{ 240| 392| 530 434 | 2041 185 130
390 310 275 240 392 530 434 286 181 130
390 310 275 240 392 530 434 277 177 127
390 310 270 240 392 530 434 277 173 121
385| 305| 270( 240| 392| 530( 434| 277| 173 121
385 305 270 245 413 530 434 272 169 130
380 305 266 250 434 530 413 272 166 130

305 265 250 392 530 392 266 166 134
375 305 265 250 402 530 392 266 169 130
375 300 260 250 413 530 392 266 166 128
370 300 260 255 434 530 392 266 166 127
370 300 260 260 434 544 392 261 162 127
365 300 260 270 457 567 392 251 158 144
365 300 260 275 457 530 392 251 151 144
360 295 255 280 480 530 373 242 147 142
30| 200| 255| 200] 480} 530 362| 238 147 140
360 290 250 300 480 530 233 144 140
355 235 250 305 | -530 530 354 233 140 153
350 285 250 310 b57 530 354 233 140 166
340 285 250 320 530 530 354 214 140 169
335 230 250 330 530 530 347 196 137 169
330 280 250 335 530 530 347 208 137 166
325 280 |.....:.] 340 530 530 347 208 134 154
325 280 |eennen 350 530 530 347 208 154
320 280 |....... 355 |oueenns 557 leavaens 208 137 feeevnnn

E.—Stage-discharge relation affected by ice Nov, 22 to Apr. 6. Gage not read, discharge interpo-
lated Ot 1 4,6, 8, 22, 29, Nov. 5, 19, Apr. 8, 15, 22; 27, 29, May , 6,9, 11, 13, 15, 18, 23, 27, June 10, 15. 24,
July 1, 8, 15, 22, 26, 29, Sept. 16 and 34.
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Monthly discharge of Ottertail River at German Church, near Fergus Falls, Minh., Jor the
year ending Sept. 80, 1917.

[Drainage area, 1,300 square miles.}

Di: i -feet.

ischarge in second-feet Run-off
(depth in

Month. Por ig}: 65 on

. .. ainage

Maximum. | Minimum. | Mean. sglt}laere area).

[076171) T 613 584 589 0.453 0.52
November... .- 584 390 526 . 405 .45
December-. . . 480 320 379 292 34
January..... 320 280 300 231 27
February.. . ... coooiiiiiiiiiiiiiaiaaan.. 280 250 265 204 21
March... 355 240 275 212 24
April... 557 355 441 38
May.... 557 530 532 409 47
June. .. 480 347 402 34
July. ... ..oiee.... 327 196 260 200 23
1 PP 200 134 164 126 14
September. . . ... ciiiiriiciaaaiaaaannnas 169 121 139 107 12
The year. . ......oieiieiiaiaaaaaaannan 613 121 356 274 3.7

RED RIVER AT FARGO, N. DAK.

LocaTioN.—At dam half a mile above highway bridge connecting Front Street,
Fargo, N. Dak., with Moorhead, Minn., 10 miles above mouth of Sheyenne River. -

DRAINAGE AREA.—6,020 square miles.

RECORDs AVAILABLE.—May 27, 1901, to September 30, 1917.

Gace.—Vertical staff attached to tree on left bank about 6 rods above the dam; vertical
staff for use at low stages attached to upper end of fishway at left end of dam;
lowest point of crest of dam now about 0.90 foot above datum of gage. Prior to
September 1, 1914, gage readings were obtained from a vertical staff attached to
the breakwater for the center pier of the Front Street bridge; this gage is still
maintained and used by the Weather Bureau but can not be read accurately
without a field glass and its control is less permanent than that of the gage now
used. The datum of the Front Street gage issuch thatif the dam were removed,
or if the stage were so high as to completely drown the dam, readings on the Front
Street gage would be about 10.4 feet greater than on the gage now used. Atex-
treme low stage the fall over the dam is about 5 feet.

DisCHARGE MEASUREMENTS.—Made from footbridge a few feet upstream from gage.

CHANNEL AND cONTROL.—Bed consists of clay and silt; nearly permanent. Dam
below gage is the control.

EXTREMES OF DISCHARGE.—Maximum stage during year, 14.0 feet April 4 (discharge,
5,200 gsecond-feet); minimum stage, 1.25 feet September 15 (discharge, 42 second-
feet).

1901-1917: Maximum stage recorded, 19.9 feet April 6, 1916, when stage-dis-
charge relation was affected by ice; maximum discharge, 7,440 second-feet April
7, 1916; minimum stage recorded, 5.7 feet November 1, 1910 (discharge, 36
second-feet).

Ice.—Stage-discharge relation not seriously affected by ice during winter; open-season
rating table is applicable by making small correction for slight obstruction of
crest of dam; in determining flow during spring break-up, however, corrections
amounting to several feet must be applied to gage heights before applying open-
season rating table, owing to backwater from ice.

Diversions.—None.

RecuraTiON,—No power plants or storage above the station within 60 miles; storage

“not great enough to noticeably affect the discharge at the station.
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Accuracy.—Stage-discharge relation practically permanent during year except as
affected by ice. Rating curve well defined between 200 and 2,400 second-feet
and fairly well defined at other stages. Gage read to hundredths daily. Open-

water records good.
Discharge measurements of Red River at Fargo, N. Dak., during the year ending Sept.
30, 1917.
Gage | Dis- Gage | Dis-
Date. Made by— height. | charge. Date. Made by— height. | charge.
Feet. | Sec.-fi. Feet. | Sec-ft.
Dec, 23 | L. B.Dale..c...._..... 2.88 513 || June 13 | A. Hulteng.............| 3.24 786
Apr. 7| E.F. Chandler... 10.64 | 4,130 || July 14 | E. F. Chandler. Jo2.29 323
14 | T.M. Wardwell..._._..| 5.22| 2,320 [l Aug. 16 |.....d0ecceueeee ucnannn 1.69 143
15 |..... Q0uanneaenananns 5.03 | 2,210

Daily discharge, in second-feet, of Red River at Fargo, N. Dak., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2,710 976 486 231 92
2,710 942 465 200 92
2,710 925 465 | 170 92
2 908 444 156 92
2,710 844 424 194 104
2,570 844 424 231 116
2,430 844 404 70
2,230 814 395 170 70
3 814 385 142 81
2,130 3 366 92
2,030 756 348 170 70
1, 756 330 170 60
1,880 756 330 170 60
1,830 756 330 170 50
1,830 756 330 156 42
1,730 784 330 142 79
1,640 756 296 142 116
1,600 727 296 142 116
1,550 K 279 135 142
1, 500 674 129 129
1,460 624 279 116 70
1,420 624 279 116 50
1,290 279 104 7
1,200 576 279 104 104
1,240 553 263 92 81
1,200 530 263 98 104
'1, 160 486 263 104 104
1,120 508 231 92 104
, 050 530 231 92 116
1,010 508 231 136
976 |........ 231 92 l..iaenes

Monthly discharge of Red River at Fargo, N. Dak., for the year ending Sept. 30, 1917,

Discharge in second-feet.
. Run-off
Month. (totalin
Maximum, | Minimum. | Mean. | 36Te-feet).

OCLODET - - < e e et oeeeeeeeae e et naenes 1,240 876 | 1,030 63,300
November 1-17. .. o oot 876 424 746 25,200
March 26-31... .o Lo 111l 4,640 734 | 3,100 36,900
April. ..ol I 5,200 2,130 | 3,180 189,000
£ 2,800 976 | 1,810 111,000
JUDC. ¢ e e e i 976 486 722 43,000
July. .. 486 21 330 20,300
AURUSE, - o, 231 92 144 8, 850
September. .- LTI 142 42 90.4 5,380
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RED RIVER AT GRAND FORKS, N. DAK.

Location.—At Northern Pacific Railway bridge between Grand Forks, N. Dak.,
and East Grand Forks, Minn., half a mile below mouth of Red Lake River.

Dramace arEA.—25,000 square Imles

RECORDS AVAILABLE —May 26, 1901, to September 30, 1917. Gage-height records
have been kept by the United States Engineer Corps since 1882 and a few dis-
charge measurements were made by them in early years.

GAeE.—Chain gage attached to Northern Pacific Railway bridge and vertical staff
gage attached to ice breaker below center pier of same bridge. The staff gages
used by the United States Engineer Corps and the United States Weather Bureau
are on the bridge breakwater at the same place as the staff gage used by the United
States Geological Survey and at datum 5 feet higher.

DiscEARGE MEASUREMENTS.—Made from Great Northern Railway bridge about a
fifth of a mile above the gage.

CaanNEL AND conTROL.—Clay and silt; shifts very slightly.

ExTREMES oF pIscHARGE.—Maximum stage during year, 33.9 feet at 5 p. m. April 8
(discharge, 21,600 second-feet); minimum stage, 3.4 feet September 4 (discharge,
395 second-feet).

1882-1917: Maximum stage recorded, 50.2 feet April 10, 1897 (discharge,
43,000 second-feet); minimum stage, 2.6 feet February 10, 1912 (discharge, 100
second-feet).

Ice.—Stage-discharge relation seriously affected by ice. The ice cover is usually
complete and smooth from late in November until about the beginning of April,
and the flow is steady, with few fluctuations. Since 1905 sufficient discharge
measurements have been made each winter to obtain fairly accurate summaries
of winter flow. For a few days or weeks at the time of the spring break-up the
water level is raised considerably by ice in the channel, and at times, as indicated
by a few discharge measurements, this abnormal rise has been as much as 8 feet,
though usually it is less; correction is made for this rise in applying open-season
rating table.

Drversion anp rEGULATION.—No power plants above station with sufficient storage
to cause noticeable variations in the flow.

Accuracy.—Stage-discharge relation practically permanent during the year except
as affected by ice. Rating curve fairly well defined between 400 and 9,000
second-feet. Gage read to hali-tenths twice daily. Daily discharge ascertained
by applying mean daily gage height to rating table except for period in which
stage-discharge relation was affected by ice, for which it was obtained by apply-
ing to rating table daily gage height corrected for effect of ice by means of dis-
charge measurements, observer’s notes, and weather records. Open-water rec-
ords good; winter records fair.

Discharge measurements of Red River at Grand Forks, N. Dak., during the year ending
Sept. 30,°1917.

Gage Dis- Gage | Dis-
Date. Made by- height. | charge. Date. Made by height. | charge.
Feet. | Sec.-fi. Feet. | Sec.-ft.
Dec. 22 | Chandler and Dale..... T 8.00 1,280 Mgr 16 | Wardwell and Dale.. 20.48 | 10,600
Jan. 18 | Wardwelland Dale....| 8.16 1,260 y Wardwelland Hulteng 14.48 5,990
Feb. 24 . ... [+ 1 S 7.34 850 || July 11 Chandler and Hulteng..|] 6.11 1,410
Mar, 19 |..... T 7.83 1,000
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Daily discharge, in secondfeet, of Red River at Grand Forks, N. Dak., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2,940 | 2,440 | 1,390 | 1,050 | 920 [11,400 | 6,780 | 2,780 | 1,520 | 824 | 446
2,940 | 2,340 | 1,300 ; 1,030 934 113,200 | 6,630 | 2,720 | 1,480 789 420
2,040 | 2,280 | 1,260 | 1,010 | 950 (14,800 | 6, 2,610 | 1,440 | 754
3,000 | 2,280 | 1,300 { 1,010 960 (16,800 | 6,700 | 2,560 | 1,340 720 395
3,060 | 2,340 | 1,300 | 1,010 | 972 (19,000 | 6, 2,500 | 1,300 420
3,060 | 2,340 | 1,260 | 1,010 990 119,700 | 6,630 | 2,450 | 1,390 687
3,060 | 2,340 | 1,210 | 1,010 | 1,010 (19,400 | 6,490 | 2,450 { 1,440 687 420
3,060 | 2,280 | 1,170 | 1,010 | 1,030 [20, 6, 2,390 | 1,300 | 654 | 446
3,060 | 2,220 | 1,190 1,050 [17,300 | 6,000 | 2,340 | 1,340 | 654 446
3,000 | 2,170 } 1,210 934 | 1,080 (16,100 | 5,860 | 2,280 | 1,340 446
2,880 | 2,070 { 1,220 | 900 | 1,100 (15,200 | 5,650 | 2,280 | 1,300 | 622 420
2,830 | 1,970 { 1,240 { 860 { 1,130 (14,400 ( 5,380 | 2,220 | 1,300 | 622| 446
2,780 | 1,870 | 1,260 | 880 | 1,090 {13,400 | 5,050 | 2,280 | 1,300 | 622 | 473
2,660 | 1, 1, 900 | 1,090 {12,300 | 4,790 | 2,280 | 1,300 | 591 473
2,500 | 1,670 | 1,260 920 | 1,090 |11,400 | 4, 2,220 | 1,260 591 473
2,390 | 1,570 | 1,260 934 | 1,090 (10,700 | 4,460 | 2,170 | 1,260 591 473
2,500 | 1, 1,280 | 930 | 1,130 | 9,940 | 4,340 | 2,170 | 1,170 | 501 501
2,610 | 1,460 | 1,300 920 | 1,090 | 9,260 | 4,140 | 2,120 | 1,130 591 501
2,720 | 1,460 | 1,260 | 900 | 1, 8,440 | 4,020] 2,120 | 1, 591 501
2,720 | 1,440 | 1,210 | 897 | 1,130 | 7,900 | 3, 2,170 | 1,050 | 560 | 530
2,780 11,370 { 1,190 | 880 {1,170 | 7,680 | 3,810 | 2,120 | 1,050 | 530 591
2,720 1 1,300 | 1,170 | 870 { 1,210 | 7,520 | 3,720 2,070 | 1,010 754
2,720 | 1,340 | 1,170 | 860 { 1,260 | 7,300 | 3,600 | 2,020 [ 1,010 | 501
2,720 | 1,340 | 1,170 824 11,340 | 7,150 | 3,540 | 1,970 972 501 897
2,660 | 1,340 | 1,170 84011, 7,150 | 3,420 | 1,870 | 1,010 501 897
2,610 | 1,390 | 1,170 | 860 | 1,770 | 7,000 | 3,360 | 1,820 | 1,010 | 501 | 897
2,560 1,390 | 1,170 | 880 | 2, 6,850 | 3,300 [ 1,770 | 897 | 473| 780
2, 500 3,240 | 1,720 | 897| 473 720
2, 560 3,120 1,670 | 860| 473| 687
2,500 6 2,940 | 1, 860| 473| 687
....... 2,830 |unen..| 824| 473 |.......

Note.—Stage-discharge relation affected by ice Nov. 11 to Apr. 17.
Monthly discharge of Red River at Grand Forks, N. Dak., for the year ending Sept. 80, 1917.

Discharge in second-feet. Run-off
Month. (totalin
Maximum. | Minimum.| Mean, | 3¢% feet).

[0 o 3,480 2,720 3,050 188, 000
November. 3,060 2,390 2,770 165,000
December.. 2,440 1,300 1,780 109, 000
JANUATY e neeee it ceeeaaaaan 1,390 1,050 1,220 75,000
February. oo eeeeeenaenan . 1,050 824 929 51,600
March. .. ...l 8,760 920 1,760 |. 108,000
April. 20, 200 6,700 | 11,700 696, 000
3 2 6,780 2,830 4,780 294, 000
TUD . < o e oo e 2,780 1,620 2,190 130,000
L 3 PSPPI 1,520 824 1,180 72,600
August.... oI 824 473 597 36, 700
LY 2 1T R 897 395 562 33,300
The FOAT.. . oonnooem e e eeeeeaeeemeaeeanaens 20, 200 395 2,710 | 1,960,000

MUSTINEA RIVER ABOVE WHEATON, MINN.

LocaTioN.—On line between secs. 7 and 8, T. 127 N., R. 46 W., 1 mile upstream
from Chicago, Milwaukee & St. Paul Railway crossing, 13 miles northeast of
‘Wheaton, Traverse County, and 8 miles above Lake Traverse,into which the river
discharges. ’

DraiNnacE AREA.—About 900 square miles.

Rrecorps Avamasie.—March 23 to September 30, 1917, when station was discon-
tinued. June 7 to November 30, 1916, at point about 3% miles farther down-
stream.
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Gage.—Chain gage attached to bridge; read by Henry Heggen.

. Di1scEARGE MEASUREMENTS.—Made from Chicago, Milwaukee & St. Paul Railway
bridge 1 mile downstream from gage, or from highway bridge just below railway
bridge.

CHANNEL AND coNTROL.—Bed composed of clay and silt. Control not well defined.
Slope of river from station to Lake Traverse.is so slight that the stage-discharge
relation may possibly be affected by changes in the stage of the lake.

EXTREMES OF DISCHARGE.—Maximum stage during period, 14.7 feet at 6 p. m. April
1 (discharge, about 2,340 second-feet); minimum stage, 1.16 feet August 30, Sep-
tember 1, 4, and 5 (discharge, about 1 second-foot).

Accuracy.—Stage-discharge relation probably permsnent. Rating curve fairly well
defined below 2,500 second-feet. Gage read to hundredths twice daily. Daily
discharge ascertained by applying mean daily gage height to rating table. Rec-
ords fair.

Discharge measurements of Mustinka River above WMatM, Minn., during the year ending
Sept. 30, 1917.

Ga; Dis- Gage | Dis-
Date. Made by heigﬁ. charge. || Date- Made by- height. | charge.
Feet. | Sec.ft.
Oct. 1l4af 8. B. Soulé 2.24 31 || Apr.
14q] - A 32
Mar. 31 - 1,780 12
31 d 14.24 1,860 || Sept. 2t
Apr. 1| 8S.B.S0uléeerueonn-n-.. 14.64 | 2,300 21

& Measurement made at site of old gaging station ¢ Mustinka near Wheaton’’ about 3} miles downstream
from present gage.

Daily discharge, in second-feet, of Mustinka River above Wheaton, ..Minn., Jor the year
ending Sept. 30, 1917.

Day. Mar. | Apr. | May. | June. | July. { Aug. | Sept.
460 28 9 2 1

446 21 7 3 1

404 23 4 3 1

348 20 4 3 1

307 20 4 2 1

270 24 4 2 2

246 27 3 2| 2

222 30 3 2 2

210 30 3 2 2

188 28 3 2 1

........ 178 27 3 2 1
........ 159 22 2 2 2
........ 210 28 6 2 2
........ 137 24 4 2 2
........ 125 21 3 2 2
........ 117 17 3 3 2
........ 101 14 3 2 2
......... 93 11 3 2 2
........ 82 9 3 2 3
........ 79 8 2 2 2
........ 76 7 2 1 2
........ 768 71 8 2 1 2
89 614 68 9 2 1 2
125 530 58 10 2 1 2
294 516 52 11 2 1 3
446 530 43 | 10 2 2 3
586 474 44 10 2 2 3
866 418 40 10 1 1 3
964 404 36 8 1 1 3
1,550 446 32 9 2 i 3
1,840 [--eeonn- 28 [eeuannes 3 1],




HUDSON BAY DRAINAGE BASINS. ‘ 29

Monihly discharge of Mustinka River above W';keam, Minn., for the year ending Sept. 80,
1917.

(Drainage area, 900 square miles.]

Discharge in second-feet. Run-off

depth in

Month. Per inches on

Maximum, | Minimum. | Mean, | square dra:isgge

mile., *

1,840 89| 751 0.834 0.28

0 334 626 .696 .78

460 28 159 177 .20

30 7 17.7 .020 .02
9 1 3.13 . 0035 . 004
3 1 1.84 . 0020 .002
3 i 2.00 .0022 002

WILD RICE RIVER AT TWIN VALLEY, MINN.

Locatton.—In SW. § sec. 22, T. 144 N., R. 44 W, at highway bridge at Twin Valley,
Norman County, 2 miles above a small tributary which enters from the right at
Heiberg.

DrAINAGE AREA.—805 square miles.

RECORDS AvamLABLE.—June 30, 1909, to September 30, 1917, when station was dis-
continued.

GAG?.—VeI’tiCal staff gage attached to pier of bridge, at left bank; read by Axel
ohnson.

DiscHARGE MEASUREMENTS.—Made from the bridge by wading.

CHANNEL AND coNTROL.—Omne channel at all stages; bed composed of sand and silt.
Control not well defined. Right bank high and wooded; left bank will be over-
flowed to some extent at stage of 12 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 7.2 feet April 3 (discharge,
about 622 second-feet); minimum stage recorded, 4.48 feet, August 27 (discharge,
14 second-feet).

1909-1917: Maximum stage recorded, 20.0 feet at 7 a. m. July 22, 1909 (discharge,
about 9,200 second feet); minimum open-water discharge 12 second-feet August
31 and September 1, 1913; minimum winter discharge measured by current meter,
10 second-feet February 5, 1913; the absolute minimum was probably less than
this amount.

Ice.—Stage-discharge relation seriously affected by ice.

ReeuraTion.—Discharge affected by storage created by dams at the IOWer end of
Lower Rice Lake, and at the outlet of Twin Lakes.

Accuracy.—Stage-discharge relation not permanent; change occurred probably
during spring when ice left the river. Rating curve used October 1 to April 1
well defined between 37 and 2,290 second-feet; curve used April 2 to September
30 well defined between 20 and 3,400 second-feet. Gage read to half-tenths twice
daily, except November 21 to March 23, when it was read once weekly. Daily
discharge ascertained by applying mean daily gage height to rating table, except
during period when stage-discharge was affected by ice, for which it was obtained
by applying to rating table a weekly gage height corrected for effect of ice by
means of discharge measurements, observer’s notes and weather records. Open-
water records good; winter records fair.
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PART V.

Discharge w.easurements of Wild Rice River at Twin Valley, Minn., during the year ending '

Sept. 30, 1917.

Dote. | Matovy— |0 | Dix | pae | waeny | Gogm | D
Feet, | Sec.-fi. Sec.-ft.

Oct. 16 | L. B. Dale............. 5.42 162 || Aug. 1 30

Jan., 2¢| T.M. Wardwell 5.70 55 1 32
Feb. 1lef..... do. 5.10 44 1 31
Mar. 17q|..... do. 5.80 48 2 21
Apr. 2af..... L 14 PO 7.25 647 2 24

a Tee on control.

Daily discharge, in second-feet, of Wild Rice River near Twin Valley, Minn., for the year

ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
157 | 143 530 [ 344 139 62 29 90
147 136 560 358 128 55 25 90
147 128 622 331 101 55 24 90
157 128 530 318 101 59 26 85
157 128 560 305 93 49 26 85

100 70 40
157 128 560 280 114 48 29 85
163 128 591 280 69 48 29 80
167 138 500 280 69 69 29 k4
167 138 471 256 74 59 25 ki
167 147 442 244 80 55 26 77
157 119 442 233 85 55 26 | 77
157 94 385 221 83 55 19 69
147 87 358 210 83 48 19 55
157 9 331 199 85 54 19 31
147 138 331 199 80 48 19 26
85 65 40 45
157 119 . 331 199 7 49 15 28
147 110 331 199 62 48 19 29
147 110 331 188 85 48 24 19
147 102 358 188 90 45 17 29
143 102 385 163 85 45 19 29
128 50 399 147 80 41 19 26
128 60 385 137 74 43 19 26
128 70 358 124 65 45 19 26
147 110 358 143 77 35 19 29
147 .210 358 165 69 35 19 29
90 55 45
138 331 344 167 69 35 14 29
138 188 344 167 69 35 14 33
138 280 344 167 65 35 14 33
138 358 344 151 65 33 7 33
138 413 344 143 62 29 77 33
138 [ccnennn 530 |....... 187 |oacnnes 29 80 Jeunenn.

Note.—Stage-discharge relation affected by ice Nov. 14 to Apr.1. Braced figures show mean dis-

charge for period indicated.

Monthly dwcharge, in second-feet, of Wild Rice River at Twin Valley, Minn., for the year

ending Sept. 30, 1917.

Month. Maximum. | Minimum. | Mean.
[ 74) - PPN 148
November..... 111
December. . .... 79.2
January........ 59.5
February....... 40.0
March.......... 111
April....oooao.t 418
BY erenennnnans 214
June........... 82.6
July..eeevnaconn 46.9
August......... 26.9
September 50.8
The year 116
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DEVILS LAKE NEAR DEVILS LAKE, N.DAK.

LocArioN.—At biologic station of University of North Dakota, near Devils Lake, in
Ramsey County, 6 miles southwest of city of Devils Lake.

DraiNAGE AREA.—The theoretical drainage area of the lake is about 3,700 square
miles. In years of ordinary rainfall water reaches the lake from only a small
part of this area, most of which drains into local depressions and small lakelets,
where the water remains until itis lost by evaporation. In 1880 the length of
Devils Lake was 35 miles and its area about 120 square miles, but its present
area is probably less than 60 square miles.

RECORDS AVAILABLE.—June 8, 1901, to September 30, 1917 (fragmentary).

Gage.—Staff gage on pier at the biologic station. Zero of gage, 1,393.3 feet above
sea level. Previous to 1916 staff gages were placed at convenient points on piers, '
but it has been necessary to renew them occasionally, sometimes every year,
owing to damage caused byice during thespring break-up. Thesegages have been
reset as near to the correct datum as possible, often by the use of a carpenter’s
level. Occasionally errors of 0.1 foot in the records have been discovered when
accurate checks were made, but no larger errors are likely to occur. The gage is
read occasionally by employees of the biologic station.

Recurarion.—The lake has no outlet. The stage of the lake shows the relation
between evaporation from the lake surface and the inflow from the surrounding
country and gives an indication whether the run-off has been affected by the
settlement of the drainage area and cultivation of the land surface.

CooPERATION.—Records are furnished by the North Dakota Biological Survey.

Gage height of Devils Lake near Devils Lake, N. Dak., during the year ending Sept. 30, 1917.

G Gage G
Date. helght. Date. helght. Dato. height.
Feet. Feet. Feet,
7.12 || Aug.6... ] 822 Sept.10. . ceeennne.... 5.71
(@) 9... 6.19
7.07 30, 5.91

e About 6.9 feet. )
RED LAKE RIVER AT THIEF RIVER FALLS, MINN,

LocatioN.—In sec. 33, T. 154 N., R. 43 W., one-third mile below dam at Thief River
Falls, Pennington County, and 1 mile below mouth of Thief River, which comes
in from theright.

DrAINAGE ARFA.—3,430 square miles.

Recorps avamasrLe.—July 2, 1909, to September 30, 1917.

Gace.—Inclined staff gage located on right bank; read by Dedrick Knutson.

DiscHARGE MEASUREMENTS.—Made from cable neat gage.

CHANNEL AND CONTROL.—Gravel; practically permanent.

EXTREMES OF DISCHARGE.—Maximum open-water stage recorded, 10. 6 feet April 10
(discharge,, 5,060 second-feet); minimum open-water siage recorded, 3.61 feet
August 26 (discharge, 99 second-feet); minimum discharge estimated at 97 second-
feet December 11, when river was frozen over.

1909-1917: Maximum open-water stage recorded, 12.2 feet, April 19-21, 1916
(discharge, 7,040 second-feet); minimum discharge recorded, zero, July 17 and
August 27, 1911.

Ice.—Stage-discharge relation seriously affected by ice.

REecuraTion.—A short distance above the station is a dam owned by the Hansen &
Barzen Milling Co. and the city lighting plant. The variation in load on the tur-
bines, due to the operation of the lighting plant (at night) and of the mill (chiefly
during the day), caused fluctuations in the river at the gage.



32 SURFACE WATER SUPPLY, 1917, PART V.

Accuracy.—Stage-discharge relation fairly permanent. Rating curve well devel-
oped between 19 and 5,600 second-feet. Gage read to half-tenths once daily.
Daily discharge ascertained by applying daily gage height to rating table except
for period when stage-discharge relation was affected by ice, for which it was
obtained by applying to rating table daily gage height corrected for effect of ice
by means of discharge measurements, observer’s notes, and weather records.
Open-water records good except on certain days when diurnal fluctuation was
such that one reading would not give mean for day; winter records fair.

Discharge measurements of Red Lake River at Thief River Falls, Minn., durirg the year
ending Sept. 30, 1917.

Date. Made by— Porg® | o, || Date. Made by— Do, | chamse
Feet. Sec.éﬂ. Feet. | Sec.-ft.
Dec. 31a] 1.M. Wardwell........ 6.35 46 [|Apr. 1 6.11 889
Feb. 11a| L. B. Dale............. 5.89 410 5 6. 84 1,660
Mar. 18af.....d0......... cesvesed) 5.98 446 || June 19 5.21 610
Apr. 1 | T. M. Wardwell........ 6.25 875 |} Sept. 6 4. 293

a Stage-discharge relation affected by ice.

Daily discharge, in second-fect, of Red Lake River at Thief River Falls, Minn., for the year
ending Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
516 393 3567 472 890 | 1,430 790 582 412 159
538 431 290 472 940 1 1,360 790 605 306 258
538 323 357 472 995 | 1,300 765 538 274 258
605 323 3567 472 {1, 1, 765 515 274 133
538 290 323 472 11,720 | 1,230 765 560 186 186
538 258|. 323| 560)2,110(1,300( 765 538| 274 159
515 258 290 605 | 1,950 { 1,230 790 515 242 133
4721 290| 323| 605(3,700|1,300| 765| 452 186 258
605 | 290| 323| 560|4,000|1,230| 740| 472 274 186
605 323| 357| 605|5,060|1,110| 718| 494 266 212

97 323 323 605 | 4,500 1 1,110 695 515 258 290
560 290 393 605 | 4,610 | 1,050 718 452 186 323
605 323 431 605 | 4,610 | 1,050 628 452 274 258
650 290 431 605 | 4,200 995 538 340 242 186
650 | 200| 472| 650 3,600 515 | 452 | 242 212
560 740 [ 2,820 | 970 560 | 472 186 227
650 650 | 2,460 | 94 628 | 472| 186 242
740 393 | 2,280 840 605 340 212 258
740 47212,280( 840| 6501 357( 212 212
740 740 [ 2,280 ] 940 560 472 212 242
740 890 | 2,110 995 560 412 186 274
472 695 11,870 | 9401 582 412 242 242
393 840 | 1,720 940 605 375 186 212
375 840 | 1,570 890 560 357 186 186
357 740 11,640 [ 890| 605 375| 142 242
382 695 | 1,670 | 890) 605] 357 99 186
408 ,640 560 | 340| 133 212
431 790 11,640 | 840| 560! 323( 186 186
418 7401 1,500 | 840| 605| 323| 133 1
406 1,430 840 593 290 212 212
393 940 1....oo.l 790 ]......] 357 306 .......

NotE.—Stage-discharge relation affected by ice Nov. 13 to Apr.5. Gage not read, discharge interpolated
Oct.20, Apr. 19, May 16, 27, June 13, 22, 30, Aug. 10, 25, Sept. 16 and 29,
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Monthly discharge, in second-feet, of Red Lake River at Thief River Falls, Minn., for the year
ending Sept. 80, 1917,

Month Maximum. | Minimum,.| Mean
1,570 790 1,040
1,300 290 3

740 97 524

431 258 300

472 290 389

040 393 647
5,060 890 2,440
1,430 790 1,040

790 515

605 290 436

412 99

290 133 218
5,060 97 725

RED LAKE RIVER AT CROOKSTON, MINN.

LocatioN.—In sec. 31, T. 150 N., R. 46 W., at new Sampson’s Addition highway
bridge in Crookston, Polk County, a quarter of a mile below dam and power
house of Crookston Waterworks Power & Light Co.’s plant. No tributaries enter
for several miles.

DRAINAGE AREA.—5,320 square miles.

RECORDS AVAILABLE.—May 19, 1901, to September 30, 1917.

GaeE.—Barret & Lawrence water-stage recorder on right abutment of bridge; installed
in September, 1911; replaced chain gage attached to bridge July 1, 1909; both
gages at same datum. Prior to July 1, 1909, gage was on old Sampson’s Addition
bridge, about 300 feet farther upstream; this gage read the same as the present
one at ordinary stages. Gage inspected by Roy Lundahl.

DiscHARGE MEASUREMENTS.—Made from steel highway bridge at gage section.

CHANNEL AND coNTROL.—Control not well defined ; one channel at all stages; slightly
shifting. .

ExTREMES oF DISCHARGE.—Maximum mean daily stage during year, from water-
stage recorder, 11.9 feet April 11 (discharge, estimated because of ice at control,
about 5,320 second-feet); minimum mean daily stage, from water-stage recorder,
2.39 feet August 30 (discharge, 78 second-feet).

1901-1917: Maximum mean daily stage recorded, 21.5 feet April 17, 1916 (dis-
charge, 14,400 second-feet). A minimum discharge of 10 second-feet was recorded
by discharge measurement made January 27, 1912. The flow is controlled to
such an extent that the minimum recorded discharge has no bearing on the

_ minimum natural flow.

Ice.—Stage-discharge relation seriously affected by ice.

REecuraTiON.—Considerable diurnal fluctuation at the gage is caused by the operation
of the power plant immediately above the station. The plant has little storage,
so that the mean monthly flow should represent nearly the natural flow.

Accuracy.—Stage-discharge relation fairly permanent throughout the year. Rating
curve used well developed between 100 and 10,000 second-feet. Operation of
water-stage recorder satisfactory throughout year except during extremely cold
weather when records are fragmentary; during such periods readings from chain
gage were taken. Daily discharge obtained by applying to rating table mean
daily gage height obtained by planimeter from the gage-height graph except for
winter period for which it was obtained by applying to the rating table the mean
daily gage height corrected for effect of ice by means of discharge measurements,
observer’s notes, and weather records. Open-water records excellent; winter
records subject to error.

96719°—19—wsp 455——3
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Discharge measurements of Red Lake
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River at Crookston, Minn., during the year ending

Sept. 80, 1917.

Date. Made by— hgiz%ﬁ;. chu sirsg.e. Date. Made by— hgia e clg;sg.e.
Feet. | Sec.ft
Mar. 172 5. 450
Apr. 2a 10.50 3,060
July 9 407 647
Aug. 2 3.22 304
a Ice at control.

Daily discharge, in second-feet, of Red Lake River at Crookston, Minn., for the year ending

Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
540 | 570 | 421 | 540 2,900 1,880 {1,050 [ 740| 324 95

620 | 560| 421 540|2,830/(1,80(1,050] 740| 303 104

700 | 550 | 620 540 2,760 1,760 |1,000| 740] 278 119

700 | 540 | 415 | 540 2,620 | 1,880 | 1,000 | 740{ 206 126

820 421 | 210| 540 2,900 1,880 |1,000| 740 314 139

820| 421| 335| 500(3,750|1,820]1,000| 700| 328 149

820 | 540| 460 460 4,070 |1,820] "955{ 700| 324 144

820 | 660| 310| 421 4,201,820 955 700| 317 142

85| 780| 350 | 421 4,720{1,690! 955| 700| 310 136

865 | 560 | 383 | 421 4,980 |1,560| 955 700( 310 132

660 | 346 | 400 480(5,320]1,560] 910| 700] 306 119

670 | 310| 421 | 540(4,310)1,500) 910f 700| 296 112

670 | 2751 460 | 6204,310]1,500( 910{ 700| 296 100

680 | 200{ 430| 780[4,390|1,440( 910| 700| 300 100

680 | 3810 310 | 700|4,390 1,380 910| 700| 303 104

680 | 330! 38| 5801!4,070|1,320) 910| 700| 310 119

690 { 3464 420 | 460(3,910(1,320| 85| 740 321 132

600 | 346( 460 5803,670)1,320f 820| 740| 328 144

700| 260| 500 700)3,200}1,320| 780| 700 817 156

660| 180| 480 | 660(3,120|1,260| 780| 700| 324 177

3 D 910 | 820 421 740 | 2,980 1 1,260 | 780 | 660| 348 188
22 i 910 | 740 383 740 | 2,830 [ 1,200 780 | 620 346 195
b S, 955 | 740 152 740 | 2,690 | 1,200 780 | 600| 332 213
2 iian. 1,000 660 250 820 | 2,550 [ 1,200 | 780 | 580 | 272 236
- S 955 | 660 340 780 | 2,480 [ 1,200 | 780 | 560 ) 228 239
26 eennnnn.. 1,000 | 620 430 1,000 | 2,340 | 1,200 780| 540 183 239
b7 SO, 955 | 540 520 1,050 | 2,280 | 1,150 | 780 | 500 | 163 239
D S 1,050 | 620 620 1,100 | 2,280 { 1,100 780 | 460 | 142 239
29 el 1,150 | 660 | 610 1,200 ) 2,280 | 1,100 780 | 421 112 239
30 ,200 [ 620| 600 ,500 | 2,280 | 1,050 | 740 | 387 78 239
E:3 DO 1,260 |....... 590 2,140 |.......[ 1,050 |....... 353 84 |...... .

Nore.—Stage-discharge relation affected by ice Nov. 14 to Apr. 16. Gage not in operation Oct. 1; dis-

charge estimated.

Monthly discharge, in second-feet, of Red Lake River at Crookston, Minn., for the year
ending Sept. 30, 1917.

Month. Maximum. | Minimun. | Mean.
1,380 865 1,090
1,440 328 871

865 152 621
780 152 387
620 210 430
2,140 421 737
5,320 2,280 3,400
1,880 1,050 1,440
1,050 740 880
740 353 644
346 78 274
239 95 160
5,320 78 010
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THIEF RIVER NEAR THIEF RIVER FALLS, MINR.

LocatioNn.—In sec. 8, T. 154 N., R. 43 W., at Drybrook ford, Pennington County, 5
miles north of Thief River Falls. Nearest tributary, outlet of Mud Lake, which
enters in northeastern part of T. 156 N., R. 42 W.

DRAINAGE AREA.—1,010 square miles.

Recorps aAvamaBie.—July 1, 1909, to September 30, 1917, when station was dis-
continued. .

Gace.—Chain gage installed August 26, 1915, on cantilever timber fastened to a
tree on right bank. Inclined staff gage, installed September 4, 1913, to replace
old inclined staff gage, which was set at incorrect gage datum, was used until
August 26, 1915. Gage read by T. H. Risteigen.

DiscrarRGE MEASUREMENTS.—Made from steel highway bridge 1,000 feet below the
gage; at low stages made by wading near the gage.

CHANNEL AND coNTROL.—Heavy gravel and boulders; nearly permanent; one
channel at all stages. Banks high and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded during the year, 12.6 feet April
11 (discharge, 2,550 second-feet); minimum stage 3.63 feet August 25 (discharge
0.5 second-foot).

1909-1917: Maximum stage recorded, 14.5 feet, April 23, 1916 (discharge, 4,080
gecond-feet); no flow in October, Nevember, and December, 1910, January,
February, and December, 1911, January and February, 1912, and February, 1916.

REcULATION.—Dam at Thief River Falls at the mouth of Thief River, backs up the
water in Thief River for several miles, but station is protected from influence of
dam by rapids below.

Accuracy.—Stage-discharge relation nearly permanent. Rating curve well defined
between 0.1 second-feet and 3,800 second-feet. Gage read to hundredths twice
a day. Daily discharge ascertained by applying mean daily gage heights to
rating table, except during period when stage-discharge relation was affected
by ice, for which period it was obtained by applying to rating table occasional
gage height corrected for ice effect by means of discharge measurements, observer’s
notes and weather records. Open-water records excellent except those for
discharge below 10 second-feet which are subject to error; winter records subject
to error.

Discharge measurements of Thief River near Thief River Falls, Minn., during the year
ending Sept. 30, 1917.

Date. Made by— hgiaéhet. cl?airze. Date. Made by— hm- chDa.Ee.
Feet. | Sec.-ft. Feet. | Secft.
Deec. 30 | T. M. Wardwell........ 4.68 1.5 | Apr. 6| T. M. Wardwell........ 9.77 845,
Feb. 10| L.B.Dale............. 3.54 1.4 {| June 19 | E. F. Chandler......... 4.61 32.
Mar. 17 |..... do..oolllll 4.05 0.7 {| Sept. 6 |.-... s [ T 3.81 1.6
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Daily discharge, in second-feet, of Thief River near Thief River Fulls, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept
244 | 185 26 32| 322 37 29! & 0.7
244 | 187 26 32 295 37 2| 4 0.9
221 182 2 35| 282 37 2l 4 1
22| 182 26 32| 256 36 27| 4 2
20| 182 25 126 | 244 36 32| 4 2
2081 182 25 40| 21 37| 4 2
208 | 182 25 J1,3701 219 35 0] 4 2
196 | 178 25 1,210 | 219 35 8] ¢ 1
1911 178 20 1,410 | 207 34 34| 4 1
169 173 20 2,020 | 183 34 31| 4 2
155 14 2,550 | 150 35 26| 4 2
155 | 151 14 1,970 | 109 42 22| 3 1
134 130 10 211,740 86 51 21| 2 1
134 | 12 10 1, 660 7 52 2| 2 1
1 116 10 3 1,370 72 49 20| 1 1
122 18] 1w} 5 voo!| es| 47| 18] .8| 2
116 97 13 920 65 41 14 7 2
18 108 87 16 65 36 12 .6 2
. 86 79 16 780 65 28 10 .6 2
20 6 68 4 710 63 15 10 -6 3
3 EOT 90 61 675 62 19 9 .6 4
22 .. 99 50 572 58 20 9 .6 5
23.. 108 43 538 54 21 9 .6 6
24.. 112 38 472 51 20 9 .8 7
25.. 126 31 456 48 21 9 5l .8
b 140 2 3 31 440 46 23 8 .6 9
7 SO 112 23 6| 409 44 24 8 .6 9
28.. 134 23 10| 379 40 2 8 .6 9
29l llll. 166 a1 |-...... 14| 364 39 29 8 .6 9
£ A, 180 29  f |aas 251 350 39 29 7 .6 9
Bleiiiiieaan 7 TR | R | R O 25 ..enn.. 37 |eceannn 7 I A PR

Nore.—Stage-discharge relation affected by ice Nov. 11 to Apr. 13. Gg%g not read Sept. 16-19, 21-25,
27-30, discharge estimated. Braced figures siymw mean discharge for period included.

Monthly discharge, in second-feet, of Thief River near Thief River Falls, Minn., for the
’ year ending Sept. 30, 1917.

Month. Maximum. | Minimum. | Mean.

The year....... e et et eietieceaiaiacans 2,550 .5 108

CLEARWATER RIVER AT RED LAKE FALLS, MINN.

Locarion.—In sec. 22 T. 151 N., R. 44 W., at Great Northern Railway bridge at
Red Lake Falls, Red Lake County, about 1} miles above mouth and 2 miles
below nearest tributary, a stream coming in from the left.

DRAINAGE AREA.—1,310 square miles,

REecorps AvAmABLE.—June 18, 1909, to September 30, 1917, when station was dis-
continued.

Gaee.—Combination vertical and inclined staff gage, installed September 12, 1911,
about half a mile downstream from original gage, as the building of a dam caused
several feet of backwater at the old section. New gage set to read 2.23 feet when
the original gage read 5.83 feet. Gage read by Leo Steinert.

DiscEARGE MEASUREMENTS.—Made from Great Northern Railway bridge or by wad-
ing about 300 feet below gage.

CHANNEL AND coNTROL.—Bed composed of sand and gravel; smooth. Control nearly
permanent. Two channels at low stages, united at high stages, Banks high,
wooded and not subject to overflow.
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EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.4 feet April 11
(discharge, 1,080 second-feet); minimum stage recorded, 1.84 feet, August 21
(discharge 42 second-feet).

1909-1917: Maximum discharge recorded 3,990 second-feet, April 15 and 16,
1916; minimum discharge 20 second-feet, July 4, 1911.

Ice.—Stage-discharge relation seriously affected by ice.

Rrauration.—At low stages flow is affected by the Steinert dam, 600 feet above the
gage. The storage at this plant is small and only a slight diurnal fluctuation is
observable at gage.

Accuracy.—Stage-discharge relation fairly permanent. Rating curve well defined
between 63 and 1,160 second-feet and fairly well defined between 1,160 and 3,550
second-feet. Gage read to tenths twice a day. Daily discharge ascertained by
applying mean daily gage height to rating curve, except during period when
stage-discharge relation was affected by ice, for which it was ascertained by
applying to rating table daily or weekly gage height corrected for effect of ice
by means of discharge measurements, observer’s notes, and weather records.
Open-water records good except those for extreme low stages which are fair;
winter records subject to error.

Discharge measurements of Clearwater River at Red Lake Falls, Minn., during the year
ending Sept. 30, 1917.

.

b | vy [, Dl

Feet, | Sec.-ft.

Dec. 30a Aug. 3 2.27 85

Feb. 129 31.... 2.13 66

Mar. 16a Sept. 17 d 2.22 82

Apr. 49| 17 2.12 63
Aug. 3

a Tce at control.

Daily discharge, in second-feet, of Clearwater River at Red Lake Falls, Minn., for the
year ending Sept. 30, 1917.

Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

291 99| 72| 6 55
5
0 "4 ol el e e 62
81| 9| 72| e 67
a1l e 71| e 7
51| s4] a1| 62 72
29| 84| sa| 72 72
1,000| 219y sa| 72| w2 62
nooo| 209 o1 sl 72 67

65 068 219 99 84 72 62

70 w| 1] sa| 2| 7| 6

6013 70 ss6| 2:1] 720 er| e1| e
59| 21| 72| e| e| w

50| 219] stf 62| 48| s

48| 13| sa| 85| 48| =4

70 425 | 116 67 51

GRERERE BERES &
&

HSBRNY REBN

Nore —-Stage-discharge relation affected by ice Nov. 12 to Apr. 10. Braced figures show mean dis-
charge for period included.
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Monthly discharge, in second-feet, of Clearwater River, at Red Lake Falls, Minn., for
e year ending Sept. 30, 1917,

Month. Maximum.| Minimum,| Mean.

[ o] - 142 72 106
ING 31117 S PRPPPPTPEI B - ) 1 ORI 63.9
B LT 4 o Y PRSP PR 57.1
January.. 70.9
FPebruary. 70.0

March. .. 109

April. 625

: 214
June. 85.7
July.. 66.6
August 58.0
September. 70.0

The year 133

ROSEAU RIVER AT CARIBOU, MINN.

Location.—In sec. 34, T. 164 N., R. 46 W., at steel highway bridge in Caribou,
Kittson County, 1 mile south of international boundary and 3 miles upstream
from crossing of boundary line by river.

DRAINAGE AREA.—1,340 square miles.

REecorps AvAILABLE.—April 1 to October 6, 1917, when station was discontinued.

Gaer.—Chain gage fastened to downstream handrail of bridge, 60 feet from left abut-
ment; read by James A. McKibbin.

DiscHARGE MEASUREMENTS.—Made from highway bridge.

CHANNEL AND coNTROL.—Channel is artificial, of trapezoidal cross-section, about 100
feet wide and 10 feet deep. Bed composed of hardpan, with few scattered large
boulders. Stage of zero flow, bottom of channel, gage height about 3.0 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during period, 9.4 feet April
17 and 18 (discharge, 1,370 second-feet); minimum stage, 3.15 feet September 29
(discharge, about 4 second-feet).

Icr.—Stage-discharge relation seriously affected by ice.

Diversions.—No diversions involving storage or loss of water. A channel about 33
miles long was dredged some years ago from a point about 4 miles above the sta-
tion to a point 1 mile below. At a stage of about 6.0 feet water flows in this
channel and must be measured and included in all measurements of main channel.

ReeuraTion.—None.

Accuracy.—Stage-discharge relation probably permanent. Rating curve, based on
two discharge measurements and by use of Kutter formula, only fairly well defined
between 5 and 1,200 second-feet. - Daily discharge ascertained by applying mean
daily gage height to rating table, except during period when stage-discharge
relation was affected by ice, for which it was obtained by applying to rating table
mean daily gage height corrected for effect of ice by means of discharge meas-
urements, observer’s notes, and weather records. Records fair.

Discharge measurements of Roseau River at Cartbow, Minn., during the year ending
Sept. 80, 1917.

Date. Made by— Gage | is || Date. Made by— poage chlgirsg'e_
Feet. | Secft. Feet. Soc.-{l.

Apr. 92 | T.M. Wardwell........ 7.30 336 || Apr. 28 | T. M. Wardwell........ 7.96 79
10e |..... s 1 7.97 396 || Sept. 5 | E. F.Chandler......... 3.30 9

a Ice at control.
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Daily discharge, in second-feet, of Roseau River af C’anbou, Minn., for the period Apr. 1
to Oct. 6, 1917.

Day. Apr. | May. | June. { July. | Aug. | Sept. { Oct.
88 27
94 24
100 24
88 24
88 24
100 24
82 20
76 20
76 17
72 17
72 17
65 20
60 20
60 24
54 24
54 24
54 27
49 27
44 20
44 12
40 6
40 9
35 7
31 6
27 6
27 6
27 6
31 6
31 9
27 14
27 20

Note.—Stage-discharge relation affected by ice Apr. 1~14.

Monthly discharge, in second-feet, of Roseau River at Caribou, Minn., for the year ending
Sept. 80, 1917.

Month. Maximum. | Minimum. | Mean.
1,370 113 720
1,160 9 460

176 20 60.5

100 27 56.9

27 6 17.1

65 4 17.7

MOUSE RIVER AT MINOT, N. DAK.

LocaTroNn.—At Anne Street footbridge, northeast of Great Northern Railway round-
house at Minot.

DRAINAGE AREA.—8,400 square miles.

RECORDS AvamLABLE.—May 5, 1903, to September 30, 1917.

GAGE.—Vertical staff attached to Anne Street footbridge on pier nearest left bank;
vertical staff for low-stage readings on same bridge on pier nearest right bank.
From 1903 to December, 1909, gage was a vertical staff similarly placed on a foot-
bridge then existing about 20 rods above Anne Street. All gages at same datum.
Gage read by Ephraim Cox.

DiscHARGE MEASUREMENTS.—Made from Anne Street bridge or by wading a few rods
below the dam at the Soo Railway water tank.

CAANNEL AND coNTROL.—Bed composed of clay and silt; nearly permanent. Capac-
ity of channel at high stages changed slightly by artificial structures or encroach-
ments through the city. Control is a 5-foot dam of timbers and loose rock a mile
below the gage, at the Soo Railway water tank; the dam raises the water at the
gage about 3 feet at ordinary low stage, when the water just reaches the crest of
the dam. Some water leaks through the dam, and when the discharge of the
river is less than about 8 second-feet the water level falls below the crest.
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EXTREMES OF DISCHARGE.—Maximum stage during the year, 11.4 feet April 29 (dis-
charge, 1,280 second-feet); minimum stage, 3.0 feet September 28 (discharge,
0.3 second-foot).

1903-1917: Maximum stage recorded, 21.9 feet April 20, 1904 (discharge, 12,000
second-feet); minimum stage, 1.8 feet February 28, 1913 (discharge, 9.1 second-
foot).

Icr.—Stage-discharge relation only slightly affected by ice.

DIVERSIONS AND REGULATION.—None above station, so far as known.

Accuracy.—Stage-discharge relation not permanent; slightly affected by changes in
control and by ice. Rating curve used October 1 to February 28 fairly well
defined; curve used March 1 to September 30 fairly well defined above 30.second-
feet. Gage read to half-tenths once daily. Daily discharge ascertained by
applying daily gage height to rating table. Records good, except for extreme
low stages, which are fair.

Discharge measurements of Mouse River at Minot, N. Dak., during the year ending Sept.
: 80, 1917.

Date. Made by— hgiagii. eh]gisg;.

Feet. Sec.-ft.
7.5

Dec. 28 4,39 f
Apr. 21 9.08 901
July 16 4.66 30.3

Daily discharge, in second-feet, of Mouse River at Minof, N. Dak., for the year ending
- Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
23 1,200 253 13| 0.8
23 1,230 240 104 | 21 .7
26 1,220 240 104! 18 7
2 L2100 2271 96 18 .6
29 150 27| 96| 18 .6
29 1,120 240 96| 16 .6
26 1,120 240 831 16 .6
23 1,140 227 83| 18 .8
23 10| 27| s8| =: .
26 5,190 227 74| 21 .6
29 1,20 214| | 2 6
29 1210 24| 61| 2 6
26 |. 1,180 201 74 24 .6
23 .. 1,080 | 214 74| 24 .6
23 950 253 881 21 .5
2 816 214 4] 16 .5
23 762 176 741 11 .5
26 7221 188 66| 11
26 682 176 56| 11 .4
28 |. 188 45| 11 .4
26 476 188 40 9 .4
23 452 176 36 8 .4
23 400 164 31 8 .4
23 400 153 31 4 .4
26 374 153 36 1.8 .4
26 |. 320 142 36 1.6 .3
26 |. 292 142 31 1.3 .3
26 |. 279 132 28 1.2 .3
26 |. 266 122 28 1.0 .3
26 113 24 0.9 .3
23 253 |....... 24 0.81.......
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The following table shows for each 10-day period during the years ending September
30, 1916 and 1917, the gross evaporation, the total rainfall, and the mean temperatures
for the 10 observations of the water and of the air.

Evaporation observations at University, N. Dak., for years ending Sept. 80, 1916 and 1917.

Mean tem- Mean tem-
perature
Date Evapo-| Rain- CF). Date Evapo- | Rain- CF.
. ration. | fall. 4 ration. | fall.
Wa- Wa- s
ter, | Al ter. Ajr,
|
1915—1918 Inches. | Inches. 1916-1917, Inches. | Inches.
t. 1-10 0.84 0.08 41 42 ]} Oct. 1-10....... 0.79 0.06 51 43
.09 46 48 11-20....... .40 .31 39 38
1.24 11 45 46 - .44 .27 36 36
W77 .64 37 38 || Nov. .50 .00 37 41
.65 .00 50 47 || Apr. .34 .61 45 39
1.27 .72 59 56 || May 1.07 .23 56 48
1.70 52 62 56 2.21 .00 66 58
1.37 .84 64 57 1.75 .00 62 49
1.30 2,17 67 62 Ii June 1.61 .17 54 56
1.37 1.66 78 74 1.87 1.20 58 59
1.90 1.48 80 74 1.99 .58 62 62
2.15 .37 77 73 || July 1.35 2.68 77 64
2.41 1.07 75 70 1.52 .08 76 67
1.68 .59 73 66 2.07 .08 85 75
1.86 1,01 67 60 || Aug. 1.54 .29 64 61
1.59 BT feeael.. 63 1.73 1.20 63 69
1.17 .29 55 52 2.05 .09 63 63
1.00 .33 52 49 || Sept. 1.38 .04 60 52
1 .66 9 60 60
1.26 05 57 55

RAINY LAKE AT RANIER, MINN.

LocaTion.—In sec. 30, T. 71 N., R. 23 W, at foot of Rainy Lake at Ranier, Koochich-
ing County.

RECORDs AVATLABLE.—January 1, 1910, to September 30 1917.

Gace.—Vertical staff gage at sawmﬂl about 500 feet above the Canadian Northern
Railway bridge. Prior to June 6, 1916, a vertical staff gage in connection with a
Haskell water-stage recorder on protecting crib above the Canadian Northern
Railway bridge. For further information regarding location and datum of gages
from which earlier records were obtained see Water-Supply Papers 325, 355, 385,
and 405. Elevation of zero of gage used during present year is 488.00 feet, referred
to what is known as the Minnesota and Ontario datum. The records have been
reduced to a gage whose zero is at 489.00 feet, to correspond to records previously
published.

Ex'rmmms OF 8TAGE.—Maximum stage recorded during year, 8.56 feet Qctober 1
and 2; minimum stage recorded, 1.9 feet September 26.

1910-1917: Maximum stage recorded, 10.99 feet June 10, 1916; minimum stage
recorded, 0.85 foot March 22, 1911.

ReeuraTion.—The stage of Rainy Lake is controlled at the dam and power plant of

" the Minnesota & Ontario Power Co., at International Falls, 2 miles below the
outlet of the lake, water being stored during periods of high run-off and drawn
off during periods of low run-off.

CoorEraTION.—Gage-height records furnished by the Canadian Department of
Public Works.
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Monthly discharge of Mouse River at Minot, N. Dak., for the year ending Sept. 30, 1917.

Discharge in second-feet.
Run-off
Month. (totalin
Maximum.| Minimum.| Mean, | 2cre-fest).
25.3 1,560
3.6 1,880
22.2 1,360
12.5 766
5.4 299
74.1 4,560
912 54,300
801 49,200
196 11, 600
63.8 3,920
12.9 793
5 30-
180 130,000

EVAPORATION AT UNIVERSITY, N. DAK.!

The evaporation gage at University, N. Dak., was established April 17, 1905, on
a pool in a ravine called English Coulee, which runs through the campus of the
University of North Dakota, immediately west of Grand Forks, N. Dak., and 2 miles
west of the Minnesota boundary.

The coulee drains about 60 square miles of very level prairie. Except for brief
freshets the flow in the coulee is small, varying from 1 second-foot or less to 20 second-
feet. In very dry weather the water lies in pools with scarcely any perceptible flow.

A heavy galvanized-iron tank, 3 feet square and 18 inches deep, is placed in the
center of an anchored raft, so that the water in the tank is at the same level as the water
surface outside. The tank is filled nearly to the top, to a height precisely marked
by the pointed tip of a vertical rod in the center of the tank. Once each day, after
the change produced by evaporation or rainfall, the water level is restored to the
original height, the precise amount of water transferred being measured with a cup of
such size that one cupful of water is equivalent to 0.01 inch depth in the tank.

On the open prairie about 40 rods distant is a standard rain gage. On days of rain-
fall the difference (which is usually small) between the quantity measured by the
rain gage and the surplus in the tank is considered the total evaporation for the day.

Observations were made usually about half an hour before sunset. The temperature
of the water recorded is the observation of the water in the tank. As the tank is made
of metal, it has been found that at that time of the day there is rarely a perceptible
difference in temperature reading between the water within and without the tank.
The temperature of the air as recorded is the mean of the readings of the standard
self-recording maximum and the self-recording minimum thermometers for the
preceding 24 hours.

1 For complete deseription of this station and records of evaporation, rainfall, and temperature for 1905
to 1908 see U. S. Geol. Survey Water-Supply Paper 245, pp. 64-67, 1910,
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Daily discharge, in second-feet, of Rainy River ot International Falls, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

10,300
10, 300
10,400
10, 400
10, 400

9,350
9,800
10, 400
10, 400

s

Monthly discharge, in second-feet, of Rainy River ot International Falls, Minn., for the
year ending Sept. 30, 1917.

Month. Maximum. | Minimum. | Mean,
OCEODOT . ..ot 12,100 7,870 10,900
November. i 11,200 5,510 | 10,100
DOCOMIDOT. - ...ttt eaeaaeaaaae 10,900 1,450 9,530
..................... 11,900 7,940 10, 400

........... 1 7,830 X

........... 10,800 8,250 10,100
........... 12,700 8, 890 10,300
................... 10, 700 7,980 10,200
................................... 10, 500 6,450 9,420
..................................... , 7,030 9,490
................................... 10,300 5,540 9,040
............................................................ | 8,400 4,050 6,980
....................................................... L 12,700 1,450 9,710

NoTE.—Monthly and yearly discharge comguted by engineers of the United States Geological Survey
from daily-discharge record furnished by the Canadian Department of Public Works.

KAWISHIWI RIVER NEAR WINTON. MINN.

Locarion.—In. sec. 20, T. 62 N., R. 11 W., in a pond above lower dam of St. Croix
Lumber Co. at Kawishiwi Falls, 500 feet above Fall Lake, 3,000 feet below Garden
Lake, near western line of Lake County, 2} miles east of Winton, St. Louis
County.

DrAINAGE AREA.—1,200 square miles.

RECORDS AVAILABLE.—June 21, 1905, to June 30, 1907; and October 14, 1912, to
September 30, 1917,
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Daily gege height, in feet, of Rainy Lake at Ranier, Minn., for the year ending Sept. 30,

RRE]SS

t

The

plant is run on a 24-hour basis, so that except on Sunday the flow is fairly uniform;
it is in fact much more uniform than the natural flow, use being made of the

storage capacity of Rainy Lake, which has an area of about 344 squaremiles.

ta &
CoorerATION.—Estimates of flow through the power house are furnished by the

mini-

daily discharge during year, 12,700 second-feet

April 13; minimum daily discharge, 1,450 second-feet December 5.

aximum

o Gage not read owing to wind,
Note.—Gage heights referred to the same gage datum as these previously published in water-supply

papers containing records for this drainage basin.

_RAINY RIVER AT INTERNATIONAL FALLS, MINN.
1907-1917: Maximum daily discharge, 37,300 second-feet June 7, 1916;

mum discharge, 431 second-feet April 21, 1909.

WinTER FLOw.—Determined from power-house records.
lated at the dam and power plant of the Minnesota & Ontario Power Co.

Canadian Department of Public Works.

Ontario Power Co.

DRrAINAGE AREA.—14,600 square miles.

house records.
EXTREMES OF DISCHARGE.—M

Locarion.—In sec. 34, T. 71 N., R. 24 W., at dam and powerhouse of Minneso
Discuarge.—Determined by Canadian Department of Public Works from power-
RecuraTioN.—EXxcept during periods of high discharge, the flow is completely regu-

Recorps AvamaBLE.—March 1, 1907, to September 30, 1917.
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GagE.—Stevens water-stage recorder installed the last part of September, 1912, at a
point just above right end of dam. Well was attached to timbers bolted to the
vertical rock wall of the right bank of the river. Auxiliary staff gage was also
attached to one of these timbers. The gage shelter was supported by timbers
which were bolted to the horizontal portion of the rock wall above all possible
high water. OnMay 27,1913, the Stevens wasreplaced by a Friez water-stage re-
corder. During the high water of June, 1914, the well together with the float and
weight were carried away by logs. At this time a concrete well was installed by
the International Joint Commission a little below the dam and outside the river
‘channel, and connected with the pool above the dam by a pipe through the dam.
The gage was repaired and again put in operation about July 1,1914. Both water-
stage recorders refer to the same datum.

DiscHARGE MEAsUREMENTS.—Made from cable about 1,000 feet above gage.

CHANNEL AND cONTROL.—At the gage the river flows through a small deep pool formed
by a timber dam without openings, which constitutes the control and is perma-
nent unless the dam is destroyed or alterations are made in the crest. About
200 feet above the dam is a decided falls. Banks not overflowed in the vicinity of
the gage. At the measuring section the bed of the stream is rock and bowlders;
rough; current swift except at low stages.

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 5.25 feet 8 p. m.
June 20 (discharge, 3,140 second-feet); minimum discharge recorded 17 second-
feet April 17, ‘

1905-1907 and 1912-1917: Maximum stage recorded, 7.2 feet April 30 and May
7,1916 (discharge, 5,370 second-feet); no flow August 24, 25, 30, 31, and September
1, 1915, August 6 and 8, 1906, and April 23, 24, and 26, 1907.

Ice.—Stage-discharge relation not seriously affected by ice; open-channel rating
curve assumed applicable. The operation of the water-stage recorder is affected
by ice, and the flow from December to March, which is very constant during this
part of the year, is computed from weekly reading of the staff gage.

ReauraTioNn.—The 8t. Croix Lumber Co. has a dam at the outlet of Garden Lake to
control the level of water in that lake and store water to be used in driving logs
over the stretch of rapids between Garden and Fall Lakes. This dam is capable
of holding the water in Garden Lake about 7 or 8 feet above its natural level at
low water before water will flow over the gates. When the water in Garden Lake
is held at a high stage the elevation of water is considerably higher in Farm Lake,
and it is understood that the elevation of the surface of White Iron Lake is some-
what affected by the stage of Garden Lake. During the log driving season,
April to November, the water in Garden Lake is held to the elevation of the top
of the gates practically all the time. In November some of the gates are opened
so that the lake is drawn down to low-water stage, and remains so until spring.
The St. Croix Lumber Co. has a dam at the outlet of Birch Lake, which controls
its elevation, and is capable of holding the water about 5 feet above low water.
This dam is left open during the winter and until the high water of the spring
break-up has passed. It is then closed and the lake is held as high as possible
during the summer. A number of low dams in Stony River are used for sluicing
logs off rapids but create no large amount of storage back of them. Large
volumes of water are allowed to pass through the sluices of the dam at the outlet
of Harden Lake for a few hours at a time, at irregular intervals, when desired to
drive logs from Garden Lake to Fall Lake; when the gates are closed there is
only a slight flow caused by leakage through the dam. At times some of the
gates are partly opened to allow passage of sufficient water to prevent flow over
crest of dam.



46 SURFACE WATER SUPPLY, 1917, PART 'V.

Accuracy.—Stage-discharge relation permanent; not usually affected by ice and
seldom by logs. Rating curve fairly well defined below 2,890 second-feet. Con-
tinuous record from recording gage during the open-water period; weekly gage
readings during winter. Daily discharge ascertained as follows: October 1 to
December 31 and April 17 to May 16 from hourly gage heights; January 1 to April
11 determined from weekly gage heights; May 20 to September 30 by the dis-
charge integrator. Discharge estimated for brief periods when gage was not
working, or record fragmentary, for periods shown in footnote to daily-discharge
table. Records good except those for low stages, which are subject to exror.

The following discharge measurement was made by W. G. Hoyt:
September 12, 1917: Gage height, 1.05 feet; discharge, 245 second-feet.

Daily discharge, in second-feet, of Kawishiwi River near Winton, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
615 3 150 145 715 | 1,600 480 485
595 150 195 645 | 1,650 600 350
580 150 170 980 | 1,760 600 745
566 150 140 790 | 1,150 600 850
556 15| 135] 640 1,720 600 240
540 150 145 700 [ 1,340 925 | 1,120
520 150 120 875 | 1,460 185 400
505 150 85| 80011, 580 | 1,290

150 470 § 1,220 595 910

495 150 580 | 1,450 750 680
495 150 780 | 1,080 795 660
495 50 70 760 | 1,230 895

495 30 680 | 1,500 | 1,040 270
495 25 540 1 1,680 5 830
495 190 2 430 | 1,730 7 600
495 |f 300 M50 o 89511,740| 40| 600
495 17 700 480 | 1,920 900 850
485 27 700 910 | 1,840 ] 1,390 560
475 42 700 | 2,200 | 1,970 740
470 48| 765]2,3% |1, 665

51 895 440 | 1,020 150

40 53| 680f2,140| 140l oon 600
430 57| 6501, 1,300 195
425 57 | 1,040 | 1,130 | 1,360 800
410 57] 10| 2 1, 710
400 62| 665|213 | 815 1,040
395 62 345 | 2,340 755 | 1,170 510
390 62 865 | 2,120 630 725 630
EEL 3 | R N 64 |1,000(220( 52| 710f 1,010
38011 --ee--- 64 490 | 2,250 550 880 425
380 () -l e 905 |..--... 760 725 |.......

NoTe.—No gage readings, discharge estimated, Apr. 12-16, 1[9.{{17—19, Aug. 2-5, 19-26, Seg)t 15 and 16,
Discharge based on record of stage for less than 24-hour periods, May 27, June 15, 17, Jufy 29, 30, Sept. 14
and 15. Braced figures show mean discharge for period included.

Monthly discharge, in second-feet, of Kawishiwi River near Winton, Minn., for the year
. ending Sept. 30, 1917.

Month. Maximum. | Minimum. | Mean.

1
The FeaT - - e e et e e e e e 2,
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VERMILION RIVER BELOW VERMILION LAKE, NEAR TOWER, MINN.

LocaTioN.—In sec, 2, T. 63 N., R. 17 W, in 8t. Louis County, about 100 yards below
dam at outlet of Vermilion Lake, 4 miles above Twomile Creek, which enters
from the west, and about 18 miles across Vernullon Lake from Tower.

DRAINAGE AREA, —507 square miles.

REcorps AvamABLE.—May 17, 1911, to September 30, 1917, when station was dis-
continued. '

GAeE.—Vertical staff gage attached to a tree at the left bank; read by Mrs. A. E,
Shively.

DiscrareE MEASUREMENTS.—From 1911-1913 made from a cable just below the
gage; from 19141916 made from a boat about 1 mile below the gage.

CHANNEL AND coNTROL.—Bed composed of solid rock and large boulders. Heavy
falls a short distance below the gage form permanent control; banks are not over-
flowed to any considerable extent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 1.7 feet October
1-5 and July 5 (discharge, 397 second-feet); minimum stage recorded, 0.70 foot
March 4-12, April 5-6, and September 28-30 (discharge 130 second-feet).

1911-1917: Maximum stage recorded, 3.8 feet April 29 to May 7, 1916 (discharge,
2,050 second-feet); minimum stage recorded, 0.22 foot October 1 and 2, 1914
(discharge 60 second-feet).

Ior.—8Btage-discharge relation not affected by ice, owing to the heavy fall at the
control section, and to the proximity to Vermilion Lake.

RecuraTiON.—At the outlet of Vermilion Lake, a few hundred feet above the gage,
is a loose rock dam which is used to raise the water surface of the lake for aid in
navigation. This dam has no gates, but was repaired on July 19, 1912, thus for
a period reducing the flow below normal. From April 28 to May 10, 1914, parts
of the dam were removed and for some time subsequent the flow exceeded normal

AccurAcy.—Stage-discharge relation permanent. Rating curve well defined. Gage
read to quarter-tenths daily; fluctuations in stage so gradual that good results are
obtained from one reading a day. Daily discharge ascertained by applying
daily gage height to rating table. Records good.

The following discharge measurement was made by R. B. Kilgore:
September 13, 1917: Gage height, 0.88 foot; discharge, 156 second-feet.

Daily discharge, in second-feet, of Vermilion River below Vermilion Lake, near Tower,
Minn., for the year ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

397 321 244 187 158 139 k23 272 272 378 272 208
397 321 244 187 158 139 134 287 272 378 272 187
397 321 244 187 158 139 134 287 272 378 272 187
397 321 231 187 148 130 134 304 272 378 257 187
397 321 231 187 148 130 130 304 72 397 257 187
397 321 231 187 148 130 130 321 257 378 244 183
ggg 321 231 187 148 130 130 321 257 378 244 183

321 287 208 177 148 139 139 257 358 220 158
321 287 208 m 148 139 139 257 358 [ 220 158
321 287 208 171 148 139 9 257 358 208 158
321 272 208 171 139 139 39 272 358 208 158
321 272 208 171 139 139 139 287 358 | 208 152
321 272 208 167 139 139 18 287 340 | 208 152
321 257 208 167 139 139 158 321 304 340 198 148
321 257 208 167 139 139 171 321 321 340 198 148
321 257 208 167 139 139 198 321 340 340 | 208 144
358 257 208 167 139 139 220 321 358 208 139
358 [ 257 208 167 139 231 304 378 340 208 139
340 257 198 167 139 139 231 287 378 321 208 134
340 257 198 163 139 139 231 378 321 208 134
340 257 187 158 139 139 231 287 378 304 208 130
321 257 187 158 |.....on 1391 257 287 378 304 208 130
321 244 187 158 |.....ne 139 272 272 378 287 208
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Monthly discharge of Vermilion River below Vermilion Lake, mear Tower, Minn., for
the year ending Sept. 30, 1917.

[Drainage area, 507 square miles.]

Discharge in second-feet.

€ Run-off

(depth in

Month. Per 13110 es on.

s ; ainage

Maximum, | Minimum. | Mean. s&gla;e area)
321 346 0. 682 0.79
321 244 286 564 63
244 187 216 - 426 49
187 158 175 40
158 139 146 288

139 130 136 268 31
272 130 163 .321 36
3 272 314 .619 71
378 257 296 o5 65
397 287 354 . 698 80
272 198 226 446 51
130 161 318 35
397 130 236 465 6.30

LITTLE FORK RIVER AT LITTLE FORK, MINN.

LocarioN.—In sec. 9, T. 68 N., R. 25 W., at lower of two highway bridges at Little
Fork, Koochiching County, about 1} miles above mouth of Beaver Brook and 24
miles above Big Fork & International Falls Railway Bridge.

DRAINAGE AREA.—1,720 square miles.

‘REcorps AVAILABLE.—June 23, 1909, to September 30, 1917, when station was
discontinued.

Gace.—Chain gage attached to new steel bridge about 100 feet above the location
of the vertical staff gage which was read prior to March 5, 1917, by G. H. French
and Vernon Jamison. Chain gage was set to read the same as staff gage at a gage
height of 6.5 feet. '

D1scHARGE MEASUREMENTS.—Made from the bridge at medium and high stages; at
low stages made by wading a short distance above the bridge.

CHANNEL AND CONTROL.—Bed composed of sand, gravel, and bowlders. Bankshigh
and not subject to overflow. Control permanent up to the summer of 1915, but
during the high water in June there was a decided shift.

EXTREMES OF DISCHARGE.—Maximum stage during year, 18.7 feet 10 a. m. April 22,
caused by backwater from a log jam at the railroad bridge; maximum discharge
probably occurred April 23 (mean for day estimated at 4,460 second-feet); mini-
mum discharge (estimated at 40 second-feet), February 9-20.

1909-1917: Maximum stage recorded, 37 feet April 18, 1916 (discharge, 19,300
second-feet); minimum discharge, about 40 second-feet, September 5, 1910, and
February 9-20, 1917.

Ior.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation permanent since high water of June,, 1915
Rating curve used, well defined below 5,670 second-feet and poorly defined
above that point. Gage read to quarter tenths twice daily. Daily discharge
ascertained by applying mean daily gage height to rating table, except for period
when stage-discharge relation was affected by ice, for which it was ascertained
by applying to rating table mean daily gage height corrected for effect of ice
by means of discharge measurements, observers’ notes, and weather records.
Open-water records good; winter records subject to error.
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Discharge measurements of Little Fork River at Little Fork, Minn., during the year
ending Sept. 80, 1917.

Date. Made by— ciof? | ciarge. || Date- Made by— 1 | ez
ot R.B.Ki Feet. | Sec.-ft.
. 12 . B. sesseeanne 7.11 561
3 . B, Oulfg.r.e - - 6.41 17
6.25 64

@ Made through complete ice cover.

Daily discharge, in second-feet, of Little Fork River at Little Fork, Minn., for the year
ending Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | Sept.
425 135 50 60 185 | 3,680 586 167
380 130 50 60 185 | 3,580 518 167
321 120 50 60 185 | 3,240 167
307 115 56 60 185 | 2,800 485 158
321 110 55 60 200 | 2,520 470 158
335 105 50 65 256 | 2,490 470 177
350 100 50 65 280 | 2,340 440 177
350 95 45 70 2801 2,240 425 167
335 90 40 7% 425 | 2,140 395 158
321 85 40 85 520 | 2,040 380 158
204 85 40 920 790 | 1,940 350 148
204 85 40 90| 1,080 1,840 139
307 85 40 95| 1,360 | 1,640 321 139
281 85 40 95| 1,640 1,560 307 148
281 85 40 100 | 1,990 | 1,560 281 139
268 80 40 105 | 2,190 | 1,480 281 130
281 ;3 40 110 | 2,390 | 1,440 307 139
268 40 115 5 5 1,360 3351, 139
244 65 40 115 2,800 1,320 158
198 65 0| 120] 3,020| 1,240 455 158
167 65 45 130 | 3,460 | 1,200 502 148
148 65 45 140 { 3,860] 1,160 620 139
139 65 50 150 | 4,460 | 1,040 148
132 60 50 160 | 4,400 756 148
124 60 55 160 | 4,400 860 127
117 60 1701 3,980 790 123
138 55 170 | 3,460 756 722 122
158 50 180 | 3,410 688 654 122
148 50 180 s 688 654 123
139 50 1801 3,680 654 654 122
139 45 185 foeen. . ] 620 [oocecnnrfoncannnn

NoTe.—8tage-discharge relation affected by ice Nov. 14-20 and Nov. 24 to Apr. 24. Gage not read
July 1 to Aug. 31; no determinations of discharge.

Monthly discharge of Little Fork River at Little Fork, Minn., for the year ending Sept.
20, 1917.

[Drainage area, 1,720 square miles.}

Discharge in second-fee, Run-off
(depth in
Month. Per inches on
Maximum, | Minimum, | Mean. | square | drainage
mile, area),
1,040 485 658 0.383 0.44
1,320 455 | 837 487 .54
425 117 249 .14 .17
135 45 80.3 047 .05
40 46.6 .027 .03
185 60 113 .0
4,460 185 2,040 1.19 1.33
3, 620 1, 978 1.13
. 860 281 500 .291 .32
.- . 177 122 147 .086 .10

96719°—19—wsp 455—4
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UPPER MISSISSIPPI RIVER BASIN.
MISSISSIPPI RIVER AT ELK RIVER, MINN.

~

Location.—In sec. 3, T. 121 N., R. 23 W., at highway bridge in town of Elk River,
about 2,500 feet below mouth of Elk River, in Sherburne County.

DRAINAGE AREA.—14,500 square miles.

RECORDS AVAILABLE.—July 22, 1915, to September 30, 1917.

Gace.—Chain gage bolted to the handrail of the bridge, downstream side, near right
bank; read by W. H. Ebner.

DisCHARGE MEASUREMENTS.—Made from the downstream side of bridge.

CHANNEL AND cONTROL.—Bed composed of sand and gravel; control not well defined.
Banks high and not subject to overflow. '

EXTREMES OF DISCHARGE.—Maximum discharge occurred during period April 1-10,
when gage was not read; discharge not known, although on basis of power plant
records was probably about 34,000 second-feet and occurred about April 5; mini-
mum stage 3.6 feet 7.50 a. m. September 3 and 7 p. m. September 5 (discharge,
about 3,530 second-feet).

1915-1917: Maximum stage recorded during unobstructed channel, 10.8 feet
April 7, 1916 (discharge, 27,000 second-feet); minimum stage recorded, 3.6 feet
at 8 a. m. September 3 and 7 p. m. September 5 (discharge, about 3,530 second-
feet).

Ioe.—Stage-discharge relation seriously affected by ice; discharge estimated from
records of discharge at Coon Rapids power plant, computed by the Minneapolis
General Electric Co., allowance being made for the discharge of the Crow and
Rum rivers, entering between Coon Rapids and the station.

REeeuLATION.—Nearest. dam above the station on the Mississippi is at St. Cloud, 40
miles upstream. An observed systematic diurnal fluctuation at the gage of about
0.1 foot is doubtless due to the regulation at St. Cloud, but most of the effect of
regulation is equalized before reaching the station. The flow of the river is con-
trolled by Government dams on the upper river for the purpose of increasing the
low water open season flow in the interests of navigation.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 4,620 and 12,400 and fairly well defiried between 12,400
and 26,300 second-feet. Gage read to quarter-tenths twice daily. Daily dis-
charge ascertained by applying mean daily gage height to rating table except
when stage-discharge relation was affected by ice, for which period it was esti-
mated from Coon Creek power-plant records (see heading “Ice”). Open water
records good; winter records subject to error.

CoorPErATION.—Records of discharge at Coon Rapids power plant, upon which are
based estimates of discharge during the winter months, furnished by the Minne-
apolis General Electric Co.

Discharge measurements of Mississippi River ot Elk River, Minn., during the year ending
Sept. 30, 1917.

[Made by S. B. Soulé.}

Gage Dis-
Date. height, | charge,
Feet., Sec.-ft.
7§ 43 0 8.19 17,
1 1« T PN 4.40 5,640
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Daily discharge, in second-feet, of Mississippi River at Elk River, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

B U

EEBELE
E

Nore.—Stage-discharge relation affected by ice Nov. 26 to Apr. 10; dischargeestimated by comparison
withrecords of discharge at Coon Rapids Power plant, furnished by the Minneapolis General Electric Co.
allowance being made for the discharge of Crow and Rum rivers, which enter between Coon Rapids an
the station. Braced figures show mean discharge for periods or months included.

Monthly discharge of Mississippi River at Elk River, Minn., for the year ending Sept. 30,
19

[Drainage area, 14,500 square miles.}

Discharge in second-feet.
Scharg se Run-off
(depth in
Month, Per inches on
Maximum. | Minimum, | Mean. | square drsinage
mile. ea).
]
0.545 0.63
. 403 .45
.331 .38
317 .37
.290 .
.276 .
1.32 1.47
677 .78
.368 41
«356 .41
337 .
.346 .39
.464 6.30
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MISSISSIPPI RIVER AT ST. PAUL, MINN.

Location.—At Chicago Great Western Railway bridge near foot of Robert Street,
St. Paul, 6 miles below mouth of Minnesota River, in Ramsey County.

DRAINAGE AREA.—35,700 square miles.

REcorDs AvarLaBLE.—March 1, 1892, to September 30, 1917. Observations of stage
begun in 1873 by United States Signal Service and continued by United States
Weather Bureau. Many discharge measurements made proir to 1900 by the
United States Engineer Corps.

GacE.—Chain gage installed May 9, 1913, on the handrail, downstream side, of Chicago
Great Western Railway bridge near the foot of Robert Street; read by employees
of United States Weather Bureau. From 1911 to May 9, 1913, the gage was a
vertical staff gage, attached to a piling on the left bank of river, about 800 feet
upstream from the presentgage. Prior to 1911 a vertical staff gage on the Diamond
Joe Line Wharf at the foot of Jackson Street, about 400 feet below the chain gage,
was used.. The datum of all three gages is the same, allowance being made for
the slight slope in the river between them.

DISCHARGE MEASUREMENTS.—UD to 1915 made from the Chicago, St. Paul, Minneap-
olis & Omaha Railway bridge, 2 miles above the station; in November, 1915, and
April, 1916, measurements were made from the Chicago Great Western Railway
bridge, to which the gage is attached. During 1916 and 1917 measurements
have been made from the Wabasha Street highway bridge, about 1,000 feet above
station.

CHANNEL AND cONTROL.—Channel somewhat shifting. Control not well defined.
Banks moderately high; have not been overflowed in recent years.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 16.2 feet at 8 a. m.
April 8 (discharge, 70,200 second-feet); minimum discharge occurred during the
period when river was frozen over, and was probably somewhat less than 5,000
second-feet.

1892-1917: Maximum stage recorded, 18.0 feet April 6, 1897 (discharge, 80,800
second-feet); highest known discharge occurred July 22, 1867, and amounted to
117,000 second-feet. Minimum stage recorded, —0.9 foot March 22, 1896 (dis-
charge, 1,420 second-feet).

Ice.—Stage-discharge relation seriously affected by ice; monthly mean flow generally
ascertained from records obtained by United States Engineer Corps at lock and
dam No. 2, below Minneapolis, allowance being made for the flow of the Minne-
sota River. During winter of 1916-17 records of flow past lock and dam No. 2
were not available, and determinations of flow were based on records obtained
from the St. Anthony Falls Water Power Co., of Minneapolis.

RequLATION.—During extreme low water regula.tlon of the flow through the turbmes
at the nearest dam in Minneapolis may cause diurnal fluctuation of stage at St.
Paul. Flow is regulated by Government reservoirs on the headwaters at Lake
Winnebigoshish, Leach Lake, Pokegama Lake, Sandy Lake, Pine River, and
Gull Lake to increase the low-water open-season flow in the interests of naviga-
tion, but the effect of this regulation is very gradual at St. Paul.

Accuracy.—Stage-discharge relation fairly permanent except as affected by ice.
Rating curve well defined throughout. Gage read once daily to tenths, but this
reading perhaps does not represent the mean daily stage accurately on account of

" artificial regulation at power plants in Minneapolis; occasional additional readings
indicate that the error is not large. Daily discharge obtained by applying daily
gage height to rating table except for period when stage-discharge relation was
affected by ice, during which determinations were based on flow of Mississippi
River at Minneapolis plus flow of Minnesota River. (See note regarding Ice.)
Open-water records range from fair to good; winter records subject to error.

CooreraTion.—Gage-height record furnished by United States Weather Bureau.
Data upon which mean monthly flow during winter periods have been based
furnished by United States Corps of Engineers.



UPPER MISSISSIPPI RIVER BASIN. 53

Discharge measurements of Mississippi River at St. Paul, Minn., during the year ending
Sept. 30, 1917.

[Made by Soulé and Kilgore.]
G Dis-
Date. lm& _charge.
: Feet. Sec.-ft.
B T IO 2.89 7,810
Apr. A8, 13.05| 46,700

Daily discharge, in second-feet, of Mississippi River at St. Paul, Minn., for the year ending
Sept. 80 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
7,010 31,100 {38,500 (18,100 {17,500 | 8,420 | 5,910
7,800 35,000 {37,900 |18, 700 |16,600 | 7,600 | 7,010
8,000 36, 200 (37,300 {18,700 {15,800 | 7,800 | 5,910
8,420 141,600 36,700 19,700 [14,900 | 7,600 | 5,730
8,000 52,600 {36,200 [19,700 [14,100 | 7,600 | 5,730
8,000 58,000 |35,000 {20,600 (14,400 | 7,400 | 5,560
8,630 , 700 33,500 {21,000 13,600 | 7,800 [ 5,560
8,630 2600 {32, 000 (21,300 (13,000 | 7,600 | 6,450

7,600 67,000 {30,200 [21,300 [12,800 | 8,210 | 6,
6,270 65,300 [20,800 (21,300 [13,800 | 8,210 | 6,090
5,730 162,000 128,200 [21,000 {14,100 | 8,000 | 5,910
5,730 58,800 {26,700 {21,300 [13,300 | 8,000 | 5,910
5,910 55, 600 125,200 121,300 {13,800 | 8,210 | 6,090
L4, 300 |53:400 [23,700 (21,600 |13,000 | 8,630 | 6,450
100 |14:500 1800 1547100 |22, 300 22,000 |12,800 | 8,210 | 6,630

5 £l

’ 151,100 {21,000 [22,000 [12,000 | 8,000 | /6,630
48 300 120,000 (22,000 (11,500 | 8,210 | 6,450

> 200 119,300 [21,300 [10,800 | 7,800 | 6,
43,600 {18,700 |19, 700 {10,400 | 7,400 | 6,270
42,200 {18,100 [18,100 {10,800 | 7,600 | 6,270
2... 39,100 {17,800 |16,300 [10,100 | 7,200 | 6,450
22. 420 135,100 38, 500 (16,900 {15,200 | 9,920 | 7,010 | 6,270
23. 39,700 |16, 000 {13,800 /10,100 | 6 6,630
%. 39,700 {15,500 {13,600 [10,100 | 7,010 | 6,630
25. 40,300 (16,300 14,100 [10,100 [ 6,820 | 6,630
2. 141,000 116,000 114,600 (10,100 | 6,450 | 6,630
27. 41,000 (15,500 [15,800 |10, 6,270 | 6,270
28. 3,000 {40,300 15,200 [16,000 |10,100 | 6,270 | 6,820

2. 15,500 (40,300 {15,500 [17,200 | 9, 6, 6,
30...ceeueeo.-.j10,600 | 7,800 11 ||  f....... 17,500 39,700 15,200 [16,000 | 8, 6,450 | 6,630
Sloceeeoenaeel 10,800 ...y} (0 feeeils 19,000 |....... 16,600 |....... 8,210 | 6,270 |.......

NoTe.—Stage-discharge relation affected by ice Dec. 14 to Mar. 27. Braced figures show mean dis-
charge for period included.

Monthly discharge of Mississippt River at St. Paul, Minn., for the year ending Sept. 30,
191

[Drainage area, 35,700 square miles.]

Discharge in second-feet. Run-off
(degg in
Month. o Per 13?3]11 on
Maximum., | Minimum. [ Mean, | square age
mile, | °8)-
10, 0.325 0.37
5,390 242
.169 .19
.143 .16
.12 .13
.164 .19
1.3 1.50
.675 .78
527 .59
.339 .39
.208 .24
.178 .
teaeseevesee| 13,200 +369 5.01
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CROW WING RIVER AT MOTLEY, MINN,

LocatioNn.—Near north border of sec. 18, T. 133 N., R. 31 W., at highway bridge in
Motley, Cass County, about a quarter of a mile north of Northern Pacific Railway
station and 2 miles above mouth of Long Prairie River, the nearest tributary.

DrAINAGE AREA.—2,140 square miles,

REcorps avamaBre.—June 10 to November 30, 1909; April 17, 1913, to September
30, 1917, when station was discontinued. Records for 1909 consist of discharge
measurements and gage heights only.

Gaaer.—Chain gage attached to upstream handrail of bridge near right bank, read by
S. W. Jacobs. Prior to July 21, 1916, gage was a staff gage in two sections, the
lower section attached to an old log bulkhead which constituted the abutment of
a former bridge, and was about 20 feet above the upstream edge of the bridge, at
the left bank; upper section was attached to an old piling just above the lower
section.

DiscEARGE MEASUREMENTS.—Made from upstream side of the bridge.

CHANNEL AND coNTROL.—Bed composed of sand and gravel; fairly permanent.
Banks not subject to overflow.

EXTREMES OF. DISCHARGE.—Maximum stage recorded during year, 13.2 feet at 6
p. m. April 5 when stage-discharge relation was affected by ice (mean discharge
for day estimated- at 3,600 second-feet); minimum open-water stage recorded,
5.70 feet August 28 and 29 (discharge, about 270 second-feet).

1913-1917: Maximum stage recorded, 11.5 feet April 5 and 6, 1916 (discharge,
9,440 second-feet); minimum open-water stage recorded, 5.70 feet August 28
and 29, 1917 (discharge, about 270 second-feet).

Ice.—Stage-discharge relation seriously affected by ice.

RecuraTioN.—Nearest dam above station is at outlet of Lower Crow Wing Lake,
about 67 miles above Motley; regulation at this point has very little effect at the
gage.

Accuracy.—Stage-discharge relation fairly permanent. Rating curve well defined
between 450 and 4,790 second-feet. Gage read to quarter-tenths twice daily.
Daily discharge ascertained by applying mean daily gage height to the rating
table except for period when stage-discharge relation was affected by ice for which
it was obtained by applying to rating table mean daily gage heights corrected for
effect of ice by means of discharge measurements, observer’s notes, and weather
records. Open-water records good; winter records fair.

Discharge measurements of Crow Wing River at Motley, Minn., during the year ending
Sept. 30, 1917.

Date. Made by— ke | .. || Date. Made by— hoe | i
Feet.
Oct. 31 | R. B. Kilgore 6. 60
Dec. 27aj 8. B. Soulé... 6.95
Jan. 24o|.._., do....... 7.36
Mar. 6oj..... [+ 7.61

a Made through ice.
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Daily discharge, in second-feet, of Crow Wing River at Motley, Minn., for the year ending
. Sept. 80, 1917.

Day. Oct. | Nov, | Dec. | Jan. | Feb. | Mar, | Apr, | May, | June, | July. | Aug. | Sept.
930 650 510 470 470 | 1,420 | 1,980 875 621 450 332
930 630 470 470 1 1,830 | 1,980 842 594 450 332
930 680 490 470 470 | 2,440 | 1,900 842 549 443 353
930 680 490 470 4751 3,260 | 1,830 831 504 422 33

930 710 490 470 475 | 3,600 | 1,760 842 495 394 350
930 710 485 470 4751 3,260 | 1,690 495 350
930 710 480 470 40 | 2,920 | 1,550 810 549 387 350
908 710 475 460 500 | 2,760 | 1,480 558 415 350
908 680 470 460 510 [ 2,760 | 1,420 770 558 408 368

930 680 470 450 520 | 2,600 | 1,360 730 585 387
1,050 930 650 470 450 530 | 2,060 | 1,290 760 585 374 350
1,050 800 475 450 550 | 1,830 | 1,290 875 576 374 387
1,050 468 625 480 450 560 [ 1,690 | 1,170 908 567 380 459
990 580 625 485 450 570 | 1,550 | 1,170 886 558 380 486

990 625 600 490 460 580 | 1,480 | 1,110 800 549 330
990 710 600 480 460 600 | 1,420 | 1,170 750 540 368 540
1,050 770 600 470 460 610 1,200 | 1,110 720 531 368 531
.| 1,050 770 530 475 470 620 | 1,420 | 1,170 750 513 368 522
1050 70| ss0| 4s0| 470 1,620 1,20 7i1| 504| 368 522
1,050 | 805| 555| 485] 470) 650 |1,830) 1,230 675 495] 368 648
.| 1,050 840 555 490 470 660 | 2,200 | 1,170 666 468 368 702
.t 1,050 840 535 490 470 670 1 2,280 | 1,11 621 468 368 702
1,050 770 5 490 470 690 | 2,440 | 1, 612 443 350 702
.. 1,050 535 490 470 700 | 2,520 | 1,050 740 436 350 675
1,050 510 510 470 710 | 2,280 1, 810 422 350 675
1,050 510 480 470 710 | 2,200 831 415 350 675
1,050 555 505 470 470 710 | 2,130 930 740 401 344 648
1,050 510 470 470 710 | 1,980 930 684 394 300 648
990 625 490 470 |....... 710 | 1,830 908 380 270 630
930 490 470 |....... 710 | 1,900 908 630 374 310 630
....... 490 470 |aeee-. caceace] 908 |eee....) 450 326 |.......

Note.—Stage-discharge relation affected by ice Nov. 14 to Apr. 9. Discharge, Sept. 17, interpolated.

Monthly discharge of Crow Wing River at Motley, Minn., for the year ending Sept. 30,
1917,

[Drainage area, 2,140 square miles.]

Discharge in second-feet,
& Run-off
(depth in
Month, : per | inches on
Maximurm, | Minimum, | Mean. | square | draiioee
mile, .
1,360 990 1,090 0.509 0.59
0 468 771 360 .40
710 490 599 280 32
510 470 481 .225 26
470 450 465 217 23
0 470 | - .282 32
3,600 1,200| 2,160| 1.01 1.13
1,980 8 1,290 603 70
3 612 765 .357 40
621 374 502 . 27
450 270 373 174 20
702 332 503 235 26
3,600 270 800 374 5.08

LONG PRAIRIE RIVER NEAR MOTLEY, MINN.

LocaTioN.—On west line of sec. 19, T. 133 N., R. 81 W., at highway bridge 1 mile
south of Motley and 2 miles above mouth of river, in Morrigon County.
DRAINAGE ARTA.—973 square miles,
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Recorps AvamaBLE.—June 10, 1909, to September 30, 1917, when station was dis-
continued.

Gaee.—Chain gage attached to downstream handrail of bridge, near middle of
stream; read by Mrs. Clem Thompeon. Prior to August 9, 1916, the gage was a
staff attached to an overhanging stump on right bank of the river, about 100
yards above bridge.

DiscHARGE MEASUREMENTS.—Made from downstream side of highway bridge to
whichgage isattached; low-stage measurements made by wading ashort distance
above gage.

CHANNEL AND CONTROL.—Bed composed of light gravel; practically permanent,
affected by aquatic plants during portion of the year; left bank low, subject to
overflow; right bank high and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded when control was unobstructed,
9.00 feet at 8.30 a. m. April 6 (discharge, 2,540 second-feet); minimum discharge
105 second-feet March 1-11.

1909-1917: Maximum stage during period, 15.0 feet, April 5, 1916 determined
by leveling from flood marks (estimated discharge, 4,280 second-feet, allowance
being made for backwater). A discharge of 39 second-feet was measured by
current meter on February 27, 1914; absolute minimum probably about 30
second-feet.

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation probably permanent except as affected by
ice and growth of aquatic plants. Rating curve used October 1 to July 30 fairly
well defined between 78 and 1,730 second-feet; extension above 1,730 second-
feet determined from area and mean velocity curves. Gage read to half-tenths
twice daily. Daily discharge ascertained by applying mean daily gage heights
to rating table; discharge August 1 to September 30, determined by shifting-
control method owing to obstruction of the channel by vegetation. Discharge
for periods when stage-discharge relation was affected by ice ascertained by
applying to rating table gage height corrected for backwater by means of dis-
charge measurements, observer’s notes, and weather records. Open-water
records fair; winter records subject to error.

Discharge measurements of Long Prairie River near Moiley, Minn., during the year
ending Sept. 30, 1917.

Date. Made by— oo | chamse, || Date. Made by— Hoe | e,

Feet Secoft.

Apr. 36 1,270

11 1,370
June 28 278
Sept. 19 142

a Made through complete ice cover. b Open water at measuring section; ice jam at control.
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Daily discharge, in second-feet, of Long Prairie River near Motley, Minn., for the year

ending Sept. 30, 1917.

July. | Aug. | Sept.

Dec. | Jan. | Feb. | Mar. | Apr. | May. | June
105] 7401070 320
105 | 1,000 | 1,000 320
105 | 1,280 | 1,000 | 320
10511,730 | "935| 320
105 | 2,200 | 870| 320
105 | 2,450 870 320
105 | 2,130 806 320
105 | 1,890 740 320
105 | 1,730 680 300
105 | 1,350 624 300
105 1,280 570 | 300
110 | 1,140 570 300
115 (1,000 | 520} 300
115 870 520 300
120 870 470 300
120 805 470 300
130 740 470 282
145 680 446 265
150 680 446 285
160 935 422 248
175 | 1,140 422 248
190 | 1,280 401 232
205 1 1,420 380 232
225 | 1,500 380 | 232
250 | 1,350 380 282
265 11,280 ] 340 300
300 | 1,210 340
340 | 1,140 340 265
380 | 1,070 | 340| 248
470 | 1,000 340 232
570 |....... 340 |.......

2291 248 127
219 265 130
216 282 132

130
213 206 130

200 1 127
197 157 132
149 130

197 149 127

188 147 122
176 142 120
167 139 120
185 134 118
182 132 113
216 184 1.......

Nore.—Stage-discharge relation affected by ice Dec. 9 to Apr. 5and by aquatic plants Aug. 1 to Sept. 30,

Monthly discharge of Long Prairic River near Motley, Minn., for the year ending Sept.

30, 1917.
[Drainage area, 973 square miles.}

Discharge in second-feet. Run-oft

(depth in

Month, v Por inches on

Maximum.| Minimum. | Mean. | square draﬂg?ge

mile. M
L0701, 680 320 456 0.469 0.54
November. 360 265 301 .309 .34
380 140 244 .251 .
............ 140 125 130 .134 .15
............ 125 110 118 121 .13
.......... 570 105 184 .189 .

.......... 2,450 680 1,270 1.30 1.45
.......... 1, 340 53 547 .63
.......... 320 232 294 .33
.......... 300 165 225 .21 27
et eeceeeieracaenaaas 282 132 180 .185 .21
SEPtember. o« ..o 152 113 130 .134 .15
The Jear. . ..c.oouiiiiaaec i aaaaaanann 2,450 105 340 349 4.71

ELK RIVER NEAR BIG LAKE, MINN.

LocaTion.—In sec. 23, T. 33 N., R. 27 W., at highway bridge 4 miles east of Big
Lake, Sherburne County, three-fourths of a mile north of Bailey station on
Northern Pacific and Great Northern railways, half a mile above Tebbetts Brook,
and 4 miles below mouth of St. Francis River.

{
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DRAINAGE AREA.—615 square miles.

REcorps AvamasLE.—April 15, 1911, to September 30, 1917, when station was dis-
continued.

Gaee.—Vertical staff gage attached to upstream edge of left abutment; read by
Michael Tracy. Prior to April 7, 1916, the gage was a staff gage attached to a
piling about 10 feet above the upstream edge of the bridge, near the right bank of
the river.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

CHANNEL AND coNTROL.—Bed composed of sand and light gravel. Just below the
gage is a slight rapids which constitutes the control at medium and low stages,
and at which the bed consists of heavier gravel arid cobblestones and is fairly
permanent. From July to October the channel is usually obstructed by aquatic
plants, which cause considerable backwater, that increases as the summer ad-
vances and reaches a maximum some time in September. No obstruction due to
aquatic plants during the period April to September, 1917, due apparently to the
change in control section. Right bank high and not subject to overflow; left bank

" subject to overflow at a stage of about 9 feet, and some of the water cuts across a
point formed by a loop in the river, and does not pass under the bridge.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 6.88 feet April 6
(discharge, 2,850 second-feet); minimum discharge .about 75 second-feet Jan-
uary 24, 25, 28, and 29.

1911-1917: Maximum stage recorded, 10 feet at 6.30 p. m. May 7, 1912 (dis-
charge, 5,100 second-feet); minimum open-water stage recorded during period,
0.22 foot July 16, 1911 (discharge, 43.4 second-feet, measured by current meter);
a discharge of 39 second-feet was measured by current meter on January 27, 1912.

Ioe.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation not permanent; change in control occurred
about April 4 and 5 caused by breaking of ice jam with flood stage. Rating
curve used October 1 to April 4, well defined throughout; curve used April 5 to
September 30 well defined between 124 and 2,930 second-feet. Gage read to
quarter-tenths twice daily. Daily discharge ascertained by applying mean
daily gage height to rating table except for period when stage-discharge was
affected by aquatic plants, for which it was ascertained by applying to rating
table mean daily gage height corrected for effect of backwater by means of dis-
charge measurements, and for winter period by observer’s notes and weather
records. Records good for period when channel was unobstructed, winter records
fair. '

Discharge measurements of Elk River near Big Lake, Minn., during the year ending Sept.

30, 1917.
Date. Made by— hgig %_ chlglrsg.e Date. Made by— hg&‘%et_ ch]?iuze,
Feet. | Sec.ft. Feet. |Secft.
Dec. 169 R. B. Ki&fore .......... 1.29 108 || Apr. 13 (8. B.Soulé............. 4.03 1,190
Jan. 16¢| 8.B.Soulé...._....... 1.65 118 ay 24 |..... L 1.60 207
Mar. 82.....d0................. 184 93 || Aug. 20 |'R. B. Kigore.......... 1.47 159
Apr. 7i..... 5 U 6.49 | 2,590

a Complete ice cover at control and measuring section,
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Daily discharge, in second-feet, of Elk River near Big Lake, Minn., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

297 356 283 125 95 95 510 700 251 282 167 127

2 283 356 269 125 95 95 870 700 236 266 158 127
3 283 356 269 130 95 95 | 1,330 660 221 251 156 124
4 283 356 269 130 95 100 | 1,860 660 236 236 150 124
5.. 283 | 3856( 240 135 95| 1002,360| 620} 251 251 140 124
6. 297 356 230 135 95 100 | 2,860 580 266 266 150 124
7 297 356 215 135 95 105 | 2,600 540 266 266 178 121
8 297 341 205 135 95 110 | 2,300 500 266 251 178 124
9 297 341 190 135 90 120 | 2,000 482 266 236 178 124
10.. 297 341 180 135 90 130 ) 1,720 464 251 236 172 124
11 312 341 165 130 90 130 | 1,560 428 236 266 164 134
12 312 341 155 130 90 135 | 1,390 394 236 282 192 161
13 312 341 140 125 90 140 | 1,170 378 221 298 221 161
14 312 325 130 125 90 140 | 1,070 346 221 362 221 161
15.. 312 325 120 120 90 145 925 330 206 378 206 158
16.. 312 356 110 145 835 314 192 362 192 156
17 312 371 110 145 745 282 192 |- 330 192 156
18 312 341 110 145 660 282 175 282 178 153
19, 326 326 110 145 660 236 167 251 178 156
20.. 326 326 110 145 620 221 161 236 172 167
21 341 312 115 155 620 221 178 221 167 167
22 341 312 115 170 620 221 172 206 161 161
23 341 312 115 185 620 221 175 236 156 156
24 341 310 115 205 660 206 206 221 156 156
25.. 326 312 115 220 45 192 330 206 150 156
26 341 207 120 240 745 192 330 206 145 153
27 341 283 120 260 745 192 378 192 140 153
28 341 297 120 265 745 178 378 178 134 156
29 341 297 120 295 45 178 346 170 129 156
30 341 | 2831 120 350 745 221| 314 161 129 156
3l.. 341 |....... 120 . . 415 |....... 251 |..ooo.. 170 127 ].......

Nom.—smggdischarge relation affected by backwateré from aquatic plants Oct. 1-31, and by ice Nov.

14, 15, 24, and Dec. 5to Apr. 4.

Monihly discharge of Elk River near Big Lake, Minn., for the year ending Sept. 30, 1917.
[Drainage area, 615 square miles.]

Discharge in second-feet.

Run-off

(depth in

Month. Per i(rill(_:h_es on

. . ainage

Maximum, | Minimum, | Mean, sgglaée area).

[0 1117017 N 341 283 316 0.514 0.59
371 283 331 .538 .60
283 110 158 .257 .30
135 70 108 .176 .20
95 90 92 .150 .18
415 95 169 .275 .32
2,860 510 1,170 1.90 2.12
700 178 36" . 507 .69
378 161 244 .397 .44
318 161 250 .406 .47
August. . 221 127 166 .270 .31
September... ....coeveiimiininiiinaiaas eeann 167 121 146 .237 .26
The Fear. ..ccvveueuaeemciaueenacnnanans 2,860 70 293 . 476 6.46

CROW RIVER AT ROCKFORD, MINN.

Location.—In sec. 29, T. 119 N., R. 24 W., at highway bridge at Rockford, about 400
feet below dam (not in use gt present), about one-third mile below ‘‘Soo” Rail-
way bridge and about a mile below junction of north and south branches. Between
junction and station are outlets of Rebecca Lake and Lake Sarah, both very

small streams.
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RECORDS AVAILABLE.—June 4, 1909, to September 30, 1917, when station was dis-
continued.

DrAINAGE AREA.—2,520 square miles.

Gaee.—Vertical staff gage attached to a piling a few feet above the right end of the
bridge; read by George W. Florida.

DiscHARGE MEASUREMENTS.—Made from the bridge or by wading about 600 feet
below the gage.

CHANNEL AND coNTROL.—For most part bed of stream is composed of heavy gravel;
practically permanent. Banks are not overflowed except during extreme floods.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 14.5 feet at 6 p. m.
April 7, and 7 a. m. April 6 (discharge, 8,500 second-feet); minimum discharge,
75 second-feet (measured by current meter February 27).

1909-1917: Maximum stage recorded, 15.9 feet at 6 p. m. April 2 and 7 a. m.

April 3, 1916 (discharge, 10,600 second-feet); minimum open-water stage recorded,
4.55 feet January 29 and February 5, 1911 (discharge, 34 second-feet); true mini-
mum, probably about 30 second-feet, occurred in February, 1915.

Ice.—Stage-discharge relation seriously affected by ice. Prior to the winter of
1911-12, little ice formed at the control, and the open-water rating curve was
applicable throughout the year. Before the dam just above the station was
destroyed the temperature of the large body of water back of the dam was con-
siderably above freezing, and the water did not freeze quickly when- released;
but since the destruction of the dam natural conditions exist and ice forms.

REeguraTioNn.—On the North, Middle, and South forks of Crow River there are seven
power plants with small storage, but the regulation at the various points is so slight
that no appreciable effect is observed at the gage. The dam immediately above
the gage was partly destroyed May 31, 1911, and has not since been repaired.

Accuracy.—Stage-discharge relation practically permanent except as affected by ice.
Rating curve well defined between 90 and 10,700 second-feet. Gage read to
hundredths twice daily. Owing to effect of ice on gage there is some question as
to the gage datum used during the winter and early spring. Daily discharge
ascertained by applying mean daily gage height to rating table except during
period when stage-discharge relation was affected by ice, for which it was roughly
estimated from discharge measurements and observer’s notes. Open-water
records good except for flood stages, for which they are fair; winter records roughly
approximate.

Discharge measurements of Crow River at Rockford, Minn., during the period Oct. 1, 1916,
to Oct. 4, 1917.

Date. Made by— h(éjaégﬁ c!ia)a,lrsé o, || Date. Made by— hggft c]})a.irsée
Feet Sec.-ft. Feet. | Secft.
Jan. 124 8. B Soulé ............ 4,83 97 || May 28 | 8.B. Soulé............. 6. 67 1,020
Feb. 27af.. . docceceaeaaaa .. 5.37 75 || June 19 |..... [ 1» TR 6. 40 857
Apr. 10 |..... dO .................. 13.91 7,840 || Oct. 4| R.B. Kilgore.......... 4,84 i

@ Made through complete ice cover.
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Crow River at Rockford, Minn., for the year ending

Day. Oct. | Nov. | Dec. { Jan. | Feb. { Mar. { Apr. | May. { June. | July. { Aug. { Sept.
) P, 610 445 6,100 | 4,230 { 1,450 304 220 102
b 610 445 7,560 | 4, 050 1,660 327 214 102
B, 610 | 420 5,990 | 4,050 | 1,800 | 472 211 108
T S, 610 420 5,990 { 3,870 | 1,870 555 220 110
[ T 610 420 6,810 | 3,690 | 1,800 528 214 106
[ T, 610 395 7,560 | 3,510 | 1,730 500 208 104
Tl 610 | 395 8,360 | 3,330 | 1,730 | 500| 198| 106
. N 582 370 240 110 8,500 } 3,150 | 1,590 472 190 106
9. .l 582| 370 8,080 | 2,070 | 1,520 | 445 | 178
10eeecneana.. 582 395 7,690 | 2,810 | 1,520 472 166 110
) T 582 45 7,430 | 2,650 | 1,450 472 166 110
RO ot - 4 o | 6000 | B30 | i | 9| a| b0
WU s | 345 6,210 | 2,250 | 1,380 | 345 | 202| 130
Weenii il 555 | 336 soll 5,880 | 2,000 {1,310 | 336 187| 139
16.........n eeesl 500 327 5,550 | 1,940 | 1,250 327 178 151
170, 472 | 322 5,440 | 1,800 | 1,190 | 300 | 163 160
18 iaaes 472 309 5,130 { 1,730 | 1,010 284 154 154
19l 472 318 5,030 | 1,590 860 268 145 148
20ieeenncaeine.| 445 309 4,930 | 1,450 75 252 136 136
Aot 445 304 4,630 | 1,380 692 240 130 128
22 . 472 300 4,430 | 1,310 638 260 126 122
23 500 309 130 90 4,230 { 1,250 610 318 126 124
.7 500 4,430 | 1,13¢ 610 318 126 126
DBvevicncnnnnn| 472 4330 | 1,070 | 610 | 314 12¢4| 122
b T, veana 472 200 4,630 | 1,010 555 304 122 126
.7 SRR 500 4,330 | 1,010 472 284 116 126
28 eeieao 472 750 4,330 950 395 268 114 122
29 e 472 4,230 | 1,310 345 228 108 118
£ I 473 4,140 (1,310 | 813 2281 102 118
Bleceiennnnen 445 |...e... PO, O 4380 f...... 214 102 §...... .

Nore.—Stage-discharge relation affected by ice Nov. 24 to Mar. 31.
for period included.

Braced figures show mean diséharge

Monthly discharge of Crow River at Rockford, Minn., for the year ending Sept. 80, 1917.

[Drainage ares, 2,520 square miles.]

Dis i -feet,
charge in second-f Run-oft
(depth in
Month. Per inches on
Maximum., | Minimum,| Mean. | square az;i;?ge
mile, *
0.210 0,24
.136 .15
.073 .08
.039 .04
.032 .03
003 .11
2,33 . 60
.885 1.02
448 .50
. 140 .16
067 .08
.048 .05
.373 5.06
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MINNESOTA RIVER NEAR MONTEVIDEO, MINN,

LocartoNn.—In sec. 17, T. 117 N., R. 40 W., at highway bridge 1 mile south of Mon-
tevideo, Chippewa County, 500 feet below mouth of Chippewa River.

DRAINAGE AREA.—6,300 square miles.

REcorDs AvamasLe.—July 23, 1909, to September 30, 1917.

Gaee.—Chain gage attached to upstream handrail of the bridge, near the left bank;
read by Ben O. Brown. Datum of gage lowered 2 feet September 16, 1909, and 1
foot more July 29, 1910, to avoid negative readings. All gage heights referred to
latest datum.

DiscHARGE MEASUREMENTS.—Made from upstream side of bridge.

CHANNEL AND cONTROL.—Gravel and rock; practically permanent. There is a
slight rapid just below the gage, but the control section is not well defined. Banks
medium height and will be overflowed at a stage of about 14 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 15.16 feet at 6
p- m. April 4 (discharge, about 10,200 second-feet); minimum discharge 72
second-feet Sept. 9 (gage-height, 2.24 feet).

1909-1917: Maximum stage recorded 15.16 feet 6 p. m. April 4, 1917 (discharge,
about 10,200 second-feet); minimum discharge recorded 6.8 second-feet (meas-
ured by current meter Feb. 9, 1912).

Ior.—Stage-discharge relation seriously affected by ice.

RecurarioNn.—No regulation on Minnesota River above station. Regulation of
Chippewa River at the plant of the Chippewa Milling Co., in Montevideo, pro-
duces a slight fluctuation in the stage of Minnesota River at the gage.

Accuracy.—Stage-discharge relation fairly permanent, except as affected by ice.
Rating curve fairly well defined. Gage read to hundredths twice daily. Daily
discharge ascertained by applying mean daily gage height to rating table, except
during period when stage-discharge relation was affected by ice, for which it was
obtained by applying to rating table tri-weekly gage heights corrected for effect of
ice by means of discharge measurements, observer’s notes, and weather records.
Open-water records good except those for extreme flood stages which are fair;
winter records subject to error.

Discharge measurements of Minnesota River near Montevideo, Minn., during the year
ending Sept. 30, 1917.

Date. Made by— hgiag et' ch]gitsg-e. Date. Made by— ]:g{ag?t. ch]?aisg- o
Feet. | Sec.ft. Feet. Sac.—;i‘.

Oct. 12| 8. B. Soulé.. 5.89 891 {| Apr. 13 | R. B, Kilgore.......... 14.43 7,750
. 30a| de 4.70 286 14 | Soulé angd Kilgore. ..... 14.35 7,610
iiﬁ lgi Sept. 23 | R. B. Kilgore. ......... 2.64 130

e Made through complete ice cover.



UPPER MISSISSIPPI RIVER BASIN. 63

Daily discharge, in second-feet, of Minnesota River near Montevideo, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
480 280| 1s0] 110]5,050 |5, 1,740 | 967 | 386| 104
470 280 180 110 | 5,810 | 5,210 | 1,690 967 338 150
465 | 275| 170| 1058220 | 5,050 | 1,650 | 906 | 314 150
460 | 270| 170| 105 (10,000 | 4,760 | 1,650 | 876 | 314 150
450 | 265| 170| 105 (10,000 | 4,630 | 1,570 | 817| 34| 118
40 20| 165 100]|9,650 | 4,400 817 29| 18
430 255 160 100 § 9,650 | 4,200 | 1,570 788 268 7
4251 250 155 95(9,200{4,030 (1,570 1| 248 134
420 250 | 155 8,570 | 3,880 | 1,610 | 731
45| 245| 155 95)8220(3,750 | 1,570 788| =8 7
405 8,220 | 3,630 | 1,570 | 703 | 238 84
395 7,880 | 3,520 | 1,570 675 228 166
390 7540 (3,400 [ 1,530 | 647 | 268| 134
385 7,210 | 3,240 | 1,530 | 619 | 248 166
375 6,800 | 3,130 | 1,450 | 592| 228| 158
370 6,59 (3,020 | 1,410 | 75| 208| 110
365 6,050 [ 2,010 | 1,340 | 675| 208 102
355 5,590 | 2,810 | 1,300 218| 100
350 5,300 (2,660 | 1,160 | 566| 248| 128
345 5,300 [ 2560 | 1,100 | 514 | 228| 104
340 5,590 | 2,460 | 1,030 | 54| 28| 118
330 5,500 | 2,360 | 1,060 | 4| 208| 166
325 5,590 | 2,320 [ 1,060 | 488 218 150
320 5,59 | 2280 | 1,030 | 462| 190 166
315 5,500 | 2,140 | 1,030 | 462 | 166 168
310 5,500 | 2,00 | 1,030 | 436 134] 182
300 5,590 | 2,000 | '967| 436 1s0| 190
295 5,500 | 1,920 | 936| 386 150| 168
200 5.59 | 1,820 [ 1,000 | 314 | 142
285 5,390 | 1,820 936 362 134 134
285 | 180 |.......| 4,200 |..o.... 1,820 |....... 338 105 |.......

Nom.-;stage-discharge relation affected by ice Dec. 1 to Mar, 27, High discharge Nov. 17 reported by
observer to be caused by going out of dam on Chippewa River,

Monthly discharge of Minnesota River near Montevideo, Minn., for the year ending Sept.

30, 1917.

{Drainage area, 6,300 square miles.]

Di e in second-feet.
ischarg second-fee Run-off
(depth in
Month. Per | iDches on
Maximum.| Minimum.| Mean, | square | 9rainage
mile, area),
1,130 731 897 0.142 0.16
817 490 621 .099 .11
480 285 374 . 059 07
280 180 227 .036 .
180 115 145 .023 .02
4,200 5 562 .089 .10
10,000 5050 6,90 109 1.22
5,300 1, 3,200 . 508 .59
1,740 936 | 1,340 .213 .
967 314 623 . .11
386 105 229 .036 .04
190 |\ 72 134 021 .02
10,000 72 | 1,270 l 202 2.72
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MINNESOTA RIVER NEAR MANEKATO, MINN.

LocatioN.—In sec. 14, T. 108 N., R. 27 W., in Blue Earth County, at Sibley Park,
2 miles above center of Mankato and 1,000 feet below mouth of Blue Earth River.

DRAINAGE AREA.—14,600 square miles.

RECORDS AVAILABLE.—May 20, 1903 to September 30, 1917.

Gage.—Chain gage on right bank of river, about 1,000 feet below mouth of Blue Earth
River; read by Clarence Staley, observer for United States Weather Bureau.
The gage support is a substantial cantilever structure, supported by two heavy
posts resting in concrete footings, constructed and maintained by the United
States Engineer Corps.

DiscHARGE MEASUREMENTS.—Made from highway bridge in center of Mankato, by
wading a short distance below gage, or at extreme high stages, by boat near gage.

CHANNEL AND coNTROL.—Bed composed of sand and light gravel; fairly permanent
except during high stage; banks moderately high and not subject to overflow
except at stages above gage height of 15 feet. Control not well defined.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 15.8 feet April 5
(discharge, about 26,900 second-feet); minimum discharge 248 second-feet
measured by current meter February 28.

1903-1917: Maximum stage recorded, 21.2 feet June 26, 1908 (discharge,
43,800 second-feet); minimum stage recorded, 0.5 foot August 31, September
1 and 2, 1911 (discharge, 89 second-feet). The highest known stage of this river
occurred in 1881, and is shown in Mankato by a well-marked line which was
approximately 27 feet above the zero of the present gage (discharge estimated
65,000 second-feet).

Ior.—Stage-discharge relation seriously affected by ice.

ReeuraTiON.—The nearest dam on Minnesota River is at Minnesota Falls, 140 miles
upstream. A dam on Blue Earth River at Rapidan, a few miles above the
mouth, controls the flow of that river, which is about 20 per cent of that at the
Mankato station, and produces considerable daily fluctuation at the gage, amount-
ing at times to more than 1 foot.

Accuracy.—Stage-discharge relation not permanent; cha.nge in control section
probably occurred during high water of June or was gradual between June and
September. Rating curve used October 1 to June 15, well defined throughout;
curve used June 16 to September 30 poorly defined. Gage read to tenths once
daily, This reading does not represent accurately the mean daily stage on
account of fluctuation caused by artificial regulation. Daily discharge ascer-
tained by applying the daily gage height to rating table except for period when
stage-discharge relation was affected by ice, for which it was ascertained by
applying to rating table daily gage height corrected for effect of ice by means of
discharge measurements, observer’s notes, and weather records. Open-water
records fair; winter records poor.

CoorERATION.—Gage-height record furnished by United States Weather Bureau.

Discharge measurements of Minnesota River near Mankato, Minn., during the year
ending Sept. 30, 1917. )

s Gage Dis- — G Dis-
Date. Made by height. | charge. Date. Made by height. | charge.
Feet, | et ) Feet, | Secift.
Oct. 10 | R. B, Kilgore.......... 2.15{ 1,330 {| Feb. 28¢| 8. B, Soul............. 1.59 ]
Dec. 22af..... [« L P 1.90 554 Jume 15 |..... do...oaneiaia 9.13 | 11,100
Jan. 134 8. B. Soulé............ L71 393 || Sept. 20 | R. B. Kilgore.......... 1.30 445

aMeasurement made from complete ice cover.
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Daily discharge, in second-feet, of Minnesota River of Mankato, Minn.,for the year
ending Sept. 80, 1917.

Nov. | Dec. | Jan. | Feb. [ Mar. | Apr. | May. | June. | July. |Aug Sept.

1,u40| 910| 490 320 250 (21,600 (13,800 [11,200 | 7,700 [ 1,750 | 570
1,140 | 9101 480 | 320 | 250 [22)100 (13,800 [12,900 | 7,340 | 1,510 | 520
1080 60| 470 320 250 {22,400 {13,600 11,830 | 6,470 | 1,220 | 520
1,080 | 60| 460 | 310 | 250 (25,500 [13,400 [11,4%0 | 5,900 | 1)360 | 520
1,00 | 860 | 450 | 310 | 250 (26,900 {12,700 [10,700 | 5,830 | 1,080 | 520
1,140 40| 310| 260 (25,500 [12,500 |11,200 | 6,150 | 945 | 520
1140 { o10( 430 310 | 260 (24,700 12,500 [11, 6,470 {1,010 52
1,140 910| 430 300 22)900 {12,000 [12,500 | 6,150 | 1010 | 470

1,200 | 1,080 | 860 | 390 | 20| 270 20900 | 7,930 [12,500 | 4,010 | ss0| 470
1,200 | 1,080 | 860 | 380 | 280 | 270 [19]400 | 8,110 {10,900 | 3,760 | 945 | 470
1,260 [ 1,080 | 810 | 370 280 | 280 [18,400 | 6,880 {10,100 | 3,640 | 945 470
1,260 {1,080 | 7607 370 | 280 280 (16,9006 9,050 | 3,680 | 945 470
1,20 | 1,080 | 710| 370 | 280 280 [16,000 | 5,330 | 8,270 | 3, 88) | 4
1260t 1,020 660 370! 270 | 280 (15,200 | 5,770 | 8,460 | 2,980 | 815 | 470
1,260 0| 635 270 | 280 [14,500 | 5,620 | 6,980 | 2,980 | 815 470
1,200 960| 59| 360| 270| 370 (14,100 | 5,920 | 5,990 | 3,080 | 815| 470
15,200 960| 550 360| 270 490 14,500 | 6,230 { 5,530 | 3,190 | 750 | 520
1,200 960 50| 360| 260| 610 /14,300 | 5,770 | 5,680 | 3,300 | 750 | 420
1,200 91o| 550| 350 | 260 | 1,080 {14,500 | 5,470 | 5,090 | 3,300 520
1,260 | 910 b530| 350 1,870 (15,000 | 5,470 | 8,460 { 3,190 | 630 | 420
1,260 [ 90| 830 | 690 | 420
1,260 960 | 510 690 | 420
1,140 | 910 510 6301 420
1,140 | 910| 510 6301 420
1,140 910| 490 630] 470
1140 |....... 490 570 ...

Note.—Stage-discharge relation affected by ice Dec. 16 to Mar. 31.

Monihly discharge of Minnesota River at Mankato, Minn., for the year ending Sept. 30,
1917.

[Drainage area, 14,600 square miles.}

Discharge in second-feet. Run-off
(depth in
Month. i Per 131? it;,]s on
; ini ainage
Maximum. | Minimum, | Mean, s;lnl}ﬁr‘e aren).
1,440 1,140 1,260 0.086 0.10
1,140 910 1,040 .07 .08
910 490 730 050 .06
490 330 390 .0 .03
320 250 285 020 .02
14, 800 250 2,750 . 188 .22
26,900 14,100 | 19,200 1.32 1.47
, 80 ,330 8,570 587 .68
16,200 5,000 [ 10,500 .719 .80
,700 2,380 4,140 +304 .03
1,750 570 918 . 063 .75
510 420 478 .033 .04
26,900 250 4,210 .288 3.92

CHIPPEWA RIVER NEAR WATSON, MINN.

LocaTioN.—On line between secs. 10 and 15, T. 118 N., R. 41 W., at highway bridge
about 2} miles northeast of Watson, Chippewa County, about 2 miles below
mouth of Dry Weather Creek and 10 miles above mouth of river.

DRAINAGE AREA.—1,940 square miles.

Rrecorps AvarLaBLE.—Apr. 27, 1910, to September 30, 1917, when station was dis-
continued. From July 6 to September 17, 1909, four discharge measurements
were made at the station.

Gace.—Chain gage attached to downstream side of the bridge, near left bank of river;
read by Clifford Bonde.

96719°—19—wsp 455—b
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DiscHARGE MEASUREMENTs.—Made from downstream side of bridge to which gage
is attached or by wading a short distance above gage.

CHANNEL AND coNTROL.—Bed consists partly of sand and light gravel and partly clay:
shifts somewhat. The right bank slopes gradually, and the width of the stream
increases rapidly as stage increases from 10 to 12 feet.

ExrrEMES oF DIscHARGE.—Maximum stage recorded during year, 17.86 feet April 4
(discharge, assuming there was no backwater from ice jams, about 9,600 second-
feet); minimum stage recorded 4.55 feet September 5 (discharge 21 second-feet).

1910-1917: Maximum stage recorded April 4, 1917; minimum stage recorded
during open-water periods 3.90 feet August 7, 8, and 9, 1910 (discharge, 5 second-
feet). ' A discharge of 1.7 second-feet was measured by current meter February
9, 1912

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation not permanent; change occurred probably
during the high water of Apriland May. Rating curve used October 1 to Novem-
ber 11, well defined between 358 and 4,250 second-feet; curve used April 6 to
September 30, poorly defined throughout. Gage read to hundredths once daily;
observations discontinued during winter. Daily discharge ascertained by
applying gage height to rating table. Records fair.

Discharge measurements of Chippewa River near Watson, Minn., during the year ending
Sept. 30, 1917.

Date. Made by— hﬁ@i"t. ch]g,;sg.e.
Feet. Sec.ft.
Oct. 13 | 8. B. Soulé 8.09
Apr. 13 | R. B. Kilgore. - 13.38 2,780
Sept. 22a|..... L LRt 5.03 65

a Made by wading 400 feet above gage.

Daily discharge, in second-feet, of Chippewa River near Watson, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Apr. | May. | June. | July. | Aug. | Sept.
248 86 55
232 80 32
27 80
202 100 31
194 100
187 86 36
172 86 49
180 80 31
172 4 34
164 80
172 80 23
157 86 60
164 107 62
172 107 41
164 114 34
164 107 74
167 100 52
150 107 68
142 100 54
135 86 62
121 74 74
135 68 68
121 49 74
114 51 51
121 56 80
121 54 62
114 50 44
93 36 7
86 27 4
80 23 33
100 68]........

Nore.—Gage not read Oct. 20 and Apr. 8; discharge interpolated.
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’ Monthly discharge of Chippewa River near Waison, Minn., for the year ending Sept.

30, 1917.
{Drainage area, 1,940 square miles.]

Di/scharge in second-feet, Run-off

depth in

Month. Per ches on

Maximum, | Minimum, | Mean, square d;a:gs.ge
October.. ... ..o ioiiiiiiiiiiiiiiiiiiiiaaan 646 . 424 519 0.268 0.31
November 1-11. . . 424 342 380 . 196 .08
ril. ........ 9,700 1,930 | 3,510 1.81 2.02
S 2N 2,3 670 | 1,290 +665 .77
June... 6! 40 «227 .25
1) R 248 80 153 .079 .09
August. ... 114 23 77.5 . 040 .05
September...... ...ttt 80 21 49.7 .026 .03

. ST. CROIX RIVER AT SWISS, WIS.

LocatioN.—In sec. 33, T. 42 N., R. 16 W., at highway bridge near post office of Swiss,
Burnett County, about 2 miles above point where St. Croix River becomes
boundary line between Wisconsin and Minnesota, 10 miles northeast of Danbury,
Minn., on Minneapolis, St. Paul & Sault Ste. Marie Railway. Namakagon
River enters from left about 3% miles above station.

DrAINAGE AREA.—1,550 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale: 1 inch=6 miles).

RECORDS AVAILABLE.—March 20, 1914, to September 30, 1917,

Gace.—Cast-iron staff gage bolted to concrete pier at left end of bridge; read by Capt.
Richard Goldschmidt.

DiscEARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND CONTROL.—Gravel, smooth; acquatic plants during summer months
may cause a small amount of backwater at the gage. Right bank high and not
subject to overflow; left bank of medium height and may possibly be overflowed
during extremely high water.

EXTREMES OF DISCHARGE.—Maximum stage recorded during the year, 3.05 feet at
6.40 a. m., July 21 (discharge, 2,840 second-feet); minimum discharge estimated
at 710 second-feet February 22.

1914-1917: Maximum stage recorded, 6.73 feet at 6.45 a. m., April 22, 1916
(discharge, 8,480 second-feet); minimum discharge, February 22, 1917,

Accuracy.—Stage-discharge relation practically permanent except as affected by
backwater from grass October 1-19, and by ice November 15 to April4. Two rating
curves used during year, applicable as follows: October 1 to April 4, fairly well
defined between 1,000 and 7,500 second-feet; April 5 to September 30, fairly well
defined between 850 and 7,500 second-feet. Gage read to quarter-tenths twice
daily. Daily discharge, except as noted below, ascertained by applying mean
daily gage height to rating table; discharge October 1-29 determined by shifting-
control method, owing to backwater from grass; discharge November 15 to April
4, estimated, because of ice, from discharge measurements, observer’s notes, and
weather records. Open-water records good; winter records fair.
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Discharge measurements of St. Croiz River at Swiss, Wis., during the year ending Sept. )
80, 1917.
[Made by R. B. Kilgore.]

Gage Dis- Gage Dis-
Date. hei;ght. charge. Date. height. | charge.
Feet. Sec.-ft. Feet. Sec.-ft.
DeC. 26, .. e 2.12 863 || May 9..cueevmncmnmnncnrnenans 180 1,
Jan. 256, . iiieiieiiai.. 2.28 T34 || AUZ 18.ctininiiiaiiincnnaaann .90
Feb.27a. .. ooooieiiio 2.78 820

a Complete ice cover,

Sept. 30, 1917.

second-feet, of St. Croix River at Swiss, Wis., for the year ending

Day. Oct. | Nov. | Dec, | Jan. | Feb, | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
850 780 790 | 2,000 | 2,070 | 1,450 | 1,210 | 1,170 885
865 775 790 | 2,130 | 2,070 | 1,450 { 1,170 | 1,130 913
830 780 790 | 2,200 | 2,070 | 1,450 | 1,130 | 1,060 864
870 730 800 | 23,280 | 1,980 | 1,4: ,060 | 1,02Q 815
865 790 815 | 2,270 | 1,890 | 1,490 | 1,130 983 843
855 805 810 | 2,070 | 1,800 | 1,490 | 1,290 990 835
850 800 810 | 2,070 | 1,760 { 1,530 | 1,410 990 878
860 790 905 | 2,170 | 1,710 | 1,530 | 1,450 | 1,100 906
865 730 | 1,000 { 2,070 | 1,620 | 1,530 | 1,450 | 1,100 885
860 | 765 | 1,020 | 1,980 | 1, 1,490 | 1,410 | 1,060 843
855 760 | 1,040 | 3,070 | 1,530 | 1,450 | 1,450 | 1,020 857
860 750 11,040 | 1,980 | 1,450 § 1,370 | 1,450 | 1,020 962
865 760 | 1,040 | 1,980 | 1,410 { 1,290 | 1,370 9383 | 1,130
830 765 | 1,070 | 1,930 § 1,370 | 1,250 | 1,330 955 | 1,210
790 760 | 1,100 | 1,800 | 1,370 | 1,210 | 1,250 934 | 1,210
765 755 11,120 | 1,800 ) 1,330 { 1,170 | 1,250 934 | 1,170
740 745 11,140 | 1,800 | 1,290 | 1,170 | 1,210 920 | 1,130
735 | 740 | 1,160 | 1,800 | 1,290 | 1,130 | 1,130 | 920 1,060
730 735 11,190 | 1,890 | 1,290 | 1,170 | 1,100 934 990
740 730 | 1,280 | 2,070 | 1,250 | 1,210 | 2,370 913 955
750 720 {1,380 | 2,170 | 1,210 | 1,250 | 2,780 892 934
760 710 | 1,440 | 2,170 | 1,210 | 1,250 | 2,470 885 920
765 715 | 1,500 { 2,170 | 1,170 | 1,250 { 2,370 906 906
75 720 | 1,560 | 2,070 | 1,130 { 1,290 | 2,070 920 892
785 750 | 1,630 | 2,070 | 1, 1,370 | 1,710 906 864
780 780 | 1,740 | 2,070 | 1,130 | 1,450 | 1,530 | 927 843
780 820 | 1,860 | 1,980 | 1,100 | 1,490 | 1,410 913 850
780 800 | 1,820 | 1,980 | 1,060 | 1,450 | 1,290 885 878
75 |eue--n. 1,770 | 1,980 | 1,100 | 1,370 | 1,170 878 885
780 f....... 1,820 12,070 | 1,130 | 1,330 | 1,100 892 864

845 790 |eeenen. ;860 [oa.aeal 1,290 {...... .| 1,060 864 |.......

Monthly discharge of St. Croix River at Swiss, Wis., for the year ending Sept. 80, 1917.
[Drainage areo 1,550 square miles.]

Di i -feet.
ischarge in second-feet. Run-off
. depth in
Month. Per gch_es on
. . rainage
Maximum, Mlmmum Mean, sme area).
1,350 1,160 1,270 0.819 0.94
1,270 - 1,010 1,150 742 .83
1,130 790 908 . 586 .68
830 730 808 .521 .60
820 710 763 -492 .51
1,860 790 1,230 . 794 .92
2,280 1,800 2,040 1.32 1.47
Y eeeemerneeniiaaeas 2,070 1,060 1,440 .929 1.07
JUN. .o e et ! 1,530 1,130 1,360 877 .08
2 2,780 1,060 1,470 .948 1.09
August, ..oveinnn i 1,170 864 .625 .72
September..... . .....oooiiiiiiiiiii iy 1,210 815 941 . 607 .68
Theyear.. . ....coooeeviiiieias cans : 2,780 710 1,200 .774 10.49
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ST. CROIX RIVER NEAR ST. CROIX FALLS, WIS.

LocatioN.—In sec. 18, T. 34 N., R. 18 W., at power plant of Minneapolis General
Electric Co., on Wisconsin side of St. Croix River, near St. Croix Falls, Polk
County, Wis., about 50 miles above confluence of St. Croix and Mississippi rivers
near Hastings, Minn. Apple River, draining an area wholly in Wisconsin, enters
from the left about 20 miles below the station; Snake River, draining an area in
Minnesota, enters from the right, about 35 miles above the station.

DRrAINAGE AREA.—5,930 square miles.

RECORDS AvamABLE.—January 10, 1902, to June 30, 1905; January 1, 1910, to Sep-
tember 30, 1917. Data for 1903 published in Water-Supply Paper No. 98, pages
176-177, under ¢ ‘St. Croix River near Taylors Falls, Minn.”

Discaarce.—Determinations of discharge based on kilowatt output of dynamo and
exciters plus flow over dam and spillway, considered as a weir.

EXTREMES OF DISCHARGE.—Maximum daily discharge during year, 17,700 second-
feet April 5; minimum daily discharge 1,120 second-feet January 1, 1917.

1902-1905 and 1910-1917: Maximum daily discharge 35,100 second-feet April
23, 1916; minimum daily discharge 75 second-feet July 17, 1910. Minimum
discharge caused by regulation.

RrcuraTion.—Low-water flow controlled by operation of gates of power plant and by
storage and release of water at Never’s dam several miles upstream.

Accuracy.—Records have not been checked nor have any discharge measurements
been made by engineers of the United States Geological Survey; probably re-
liable.

CoorERATION.—Records furnished by the Minneapolis General Electric Co.

Daily discharge, in second-feet, of St. Croixz River near St. Croixz Falls, Wis., for the year
ending Sept. 80, 1917.

Day Oct. | Nov. | Deec. | Jan. | Feb. | Mar. | Apr. [ May. | June. | July. | Aug. | Sept.
1,120 | 1,690 | 1,710 | 8,220 | 8,600 | 3,650 | 2,580 | 4,090 | 1,980
1,620 | 1,540 1 1,710 ) 9,520 | 8,340 | 3,200 | 3,470 | 3,760 | 2,030
1,760 | 2,090 | 1, 10,400 | 8,780 | 2,590 | 2,950 | 2,680 | 1,880
1,640 | 1,430 | 1,350 {11,000 | 8,160 | 3,640 | 2,380 | 2,460 | 1,970
1,720 | 1,390 | 1,740 {17,700 | 8,110 | 3,770 | 3,020 | 2,640 | 2,120
2,150 | 1,600 | 1,710 16,700 | 5,490 | 3, 3,330 | 2,360 | 2,140
1,440 [ 1,650 | 1,7 ,400 | 5,480 | 3,800 | 3,230 | 2,710 | 2,220
1,690 1 1,700 1 1,780 111,100 f 6,030 } 3,980 | 2,500 | 2,790 { 2,070
1,780 | 1,590 | 1,690 |10,400 { 4,420 | 3,790 | 3,600 | 2,790 | 1,710
1,650 | 2,000 10,200 | 4,950 | 2,520 { 3,680 | 2,730 | 1,830
1,740 11,100 § 4,190 | 3,680 [ 3,830 | 2,740 | 1,740
1,770 10,400 | 4,260 | 3,880 | 3,680 | 2,540 | 2,420
2,080 10,200 [ 4,220 { 3,850 | 3,640 { 2,700 | 1,800
1,290 8,760 | 4,150 | 3,960 | 3,760 | 2,680 | 2,100
1,680 6,600 | 3,910 | 3,930 | 3,030 | 2,700 | 2,120
1,680 12,500 | 3,940 | 3,840 | 3,510 | 2,630 | 1,930
1,630 ,530 | 4,050 | 2,540 | 3,750 | 2,503 | 2,170
2,040 6,810 [ 3,840 [ 3,680 | 3,760 | 2,450 [ 2,530
1,570 6,940 | 8,840 | 3,900 | 3,780 | 2,380 | 2,700
1,920 7,460 | 2,590 | 4,070 | 3,690 | 2,230 | 2,640
1,320 8,200 | 4,170 | 3,870 | 3,750 | 2,430 | 2,650
1,600 7,260 | 4,080 | 3,950 { 3,660 | 2,250 | 2,580
1,660 8,240 | 4,230 | 3,240 [ 5,820 | 2,150 | 2,280
1,670 8,700 | 3,800 | 2,480 | 3,870 | 2,150 | 2,590
1,620 8,860 | 3,840 | 3,380 | 4,210 | 2,190 | 2,760
1,500 8,640 13,760 | 3,020 | 3,920 { 2,210 | 2,480
2,000 7,780 | 2,440 | 3,600 | 3,920 | 2,220 | 2,380
1,280 8,550 { 2,670 | 3,620 | 3,860 | 1,990 | 2,510
2,020 6,650 | 3,700 § 3,400 | 3,140 | 2,070 | 2,350
1,660 8,000 § 2,480 | 3,350 | 3,790 | 2,080 { 2,120
1,720 |-cnee-of 5,220 |-oennes 3,640 |...uone 4,000 | 2,100 |----.--
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Monthly discharge of St. Croix River near St. Croix Falls, Wis., for the year ending Sept.
80, 1917,

[Drainage area, 5,930 square miles.)

Discharge in second-feet. Run-off
; (depth in
Month. Per | inches on
Msaximum, | Minimum. | Mean. | square | 4r2i03ge
mile. area).
3,710 2,350 2,970 0.501 0.58
3,730 1,140 2,360 .398 .44
3,040 1,220 1,870 .315 .36
2,150 1,120 1,680 .283 .33
2,090 1,360 1,670 . 282 .29
5,220 1,350 2,110 .356 41
17,700 6, 600 9,730 1.64 1.83
8,780 2,440 4,720 .796 92
4,070 2,480 3,540 597 .67
5,820 2,380 3,580 .604 .70
4,090 1,990 2,530 427 49
2,760 1,710 2,230 .376 42
17,700 1,120 3,250 548 7.4

Nore.—Monthly and yearly discharge computed by engineers of the U. 8. Geological Survey from records
of daily discharge furnished by the Minneapolis General Electric Co.

NAMAKAGON RIVER AT TREGO, WIS.

Locamion.—Insec. 35, T. 40 N., R. 12 W., at Chicago & Northwestern Railway bridge
at Trego, Washburn County, about 20 miles above confluence of Namakagon and
Totogatic rivers.

DRAINAGE AREA.—420 square miles (measured on map issued by Wisconsin Geological
and Natural History Survey, edition of 1911; scale: 1 inch=6 miles).

REecorps avamasre.—March 11, 1914, to September 30, 1917,

GaceE.—Enameled staff fastened to retaining wall, left bank of river, just above rail-
road bridge; read by G. E. Krenz. '

Di1scHARGE MEASUREMENTs.—Made from lower chords of railroad bridge.

CHANNEL AND cONTROL.—Bed composed of coarse gravel; free from vegetation.
Banks medium high and not subject to overflow. Small island downstream,
with rapids on either side, forms the control; channel fairly permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 2.3 feet April 4
(discharge, 803 second-feet); minimum discharge estimated, 235 second-feet
December 19.

1914-1917: Maximum stage recorded, 3.0 feet April 23, 1916 (discharge, 1,330
second-feet); minimum discharge estimated, 235 second-feet December 19, 1916.

Accuracy.—Stage-discharge relation permanent, except for ice effect. Rating curve
well defined between 330 and 1,330 second-feet; extended below 330 second-feet
by estimation. Gage read to hali-tenths once daily. Daily discharge ascertained
by applying daily gage height to rating table except for period in which stage-
discharge relation was affected by ice, for which it was obtained by applying to
rating table daily gage heights corrected for ice effect by means of discharge
measurements, observer’s notes, and weather records. Open-water records good;
winter records fair.

Discharge measurements of Namakagon River at Trego, Wis., during the year ending Sept.
30, 1917.

[Made by R. B. Kilgore.]

Gage Dis- G Dis-
Date. height. | charge. Date. height. | charge.
Feet. Sec.-ft. Fect. Sec.ft.
Jan.8e. ...l 2.21 278 [ Mar.8@. ..ccerceaceninnncnnnn 2.83 327
Feb.3a. .. ..., 2.7 334 [ Aug.17:cneeiiiieieiiaenaeas 1.65 398

& Complete ice cover at control section.
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Daily discharge, in second-feet, of Namekagon River ot Trego, Wis., for the year ending
Sept. 30, 1917,

Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
472 280 300 280 488 733 472 472 393 350
472 280 320 290 444 733 502 444 393 332
472 290 330 305 624 698 502 472 369 320
458 300 320 300 803 664 532 472 369 369
444 200 300 295 786 698 532 472 369 417
430 290 290 300 768 733 502 532 369 350
417 280 200 300 786 698 564 597 393 350
430 270 290 325 803 664 597 532 472 332
444 290 290 320 768 614 564 472 444 393
388 310 300 315 933 502 444 369
332 310 300 310 750 548 502 564 417 350
310 300 280 310 768 532 472 597 393 332
290 200 270 682 532 472 597 393 369
270 280 280 330 597 532 472 564 417 369
260 270 290 350 597 532 472 502 369
250 260 280 340 597 502 472 472 393 332
245 280 280 330 648 472 369 332
240 300 270 340 698 472 417 444 369 320
235 300 260 350 733 472 502 444 369 332
240 300 260 330 768 472 502 472 332 332
245 280 270 330 786 472 532 564 369 332
245 260 280 340 803 472 502 532 393 320
250 260 290 350 768 472 532 564 369 320
250 255 290 360 733 472 532 472 369 320
255 280 280 370 716 472 532 472 393 332
255 310 290 395 698 444 597 417 320 332
300 280 300 417 698 444 532 417 320 350
300 260 300 393 564 444 3
310 290 444 kit 417 532 417 393 332
290 4 502 393 369 332
280 532 1....... 502 |....... 369 393 [aeaenen

NoTE. —Stage—dxsoharge relation affected by ice Nov. 14-18 and Dec. 12 to Mar. 26. Gage read every
other day Nov. 20 to May 11; discharge for intervening days estimated.

Monthly discharge of Namakagon River at Trego, Wis., for the year ending Sept. 30, 1917,

[Drainage area, 420 square miles.)
-feet.
Discharge in second-fee Run-off

(depth in

' Month. Per ifilr 05 On

. 2inage

Maximum, | Minimum.| Mean, slcgla;.e area).

564 332 1.12 1.29

532 330 426 101 1.13
472 235 74 .89

310 255 286 681 .79

330 260 289 688 .72

532 280 348 .829 .96
803 444 706 1.68 1.87
733 393 546 1.30 1.50

597 417 513 1.22 1.36

597 369 491 1.17 1.35
472 320 384 .914 1.05

417 320 344 819 .91

803 235 428 1.02 13.82

EETTLE RIVER NEAR SANDSTONE, MINN.

LocaTron.—Near south line of sec. 34, T. 43 N., R. 20 W., at quarries of Barher
Asphalt Co. at Banning, 3 miles above Sandstone, Pine County.

DRAINAGE AREA.—825 square miles.

RECORDS AVAILABLE. -October 18, 1908, to December 7, 1916, when station was
discontinued.

Gage.—Vertical staff in two sectlons, bolted to rock wall on right bank of river, about
300 feet above the steam power house of the Barber Asphalt Co.; read by F. L.
Betts.

DIsCHARGE MEASUREMENTS.—Made from highway bridge a,bout a mile above gage.

.
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EXTREMES OF DISCHARGE.—1908-1916: Maximum staoe recorded, 7.7 feet, April
24, 1916 (discharge, 10,600 second-feet); minimum stage recorded 0.7 foot
November 30, 1912 (dlschamge about 12 second- feet)

Ice.—Stage- dlscharge relation seriously affected by ice; not, however, for so long a
period as at most gaging stations in the same latitude, owing to the fact that a
decided rapids about 50 feet below the gage constitutes the control. The pub-
lished records of winter discharge to which the open-channel rating curve is not
applicable, have been based on gage readings and a comparison of the records
with those for Snake River.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined from 52 to 5,940 second-feet; above 5,940 second-feet it isan
extension. Gage read daily to quarter-tenths. Daily dlschaxge ascertained by
applying daily gage height to rating table. Records good.

Daily discharge, in second-feet, of Kettle River near Sandstone, Minn., for the period
Oct. 1 to Dec. 7, 1917.

Day. Oct. | Nov. | Dec. Day. Oct. | Nov. | Dec.

1 201 | 250 173
2 201 | 233 186
3.. 185 233 186
4.. 1851 233 186
5.. 186 | 233 186
6.. 173 | 233 186
7-. 173 | 216 186
8.. 160 | 216 (......
9.. 193 | 216 |......
10 1731 201 |......

Monthly discharge of Keitle River near Sandstone, Minn., for the period Oct. 1, to Dec.
7, 1916.

[Drainage area, 825 square miles.]

Discharge in second-foet. Ru_n_oﬂ

epth in

Month. Per es on

Maximum. | Minimum. | Mean. | square dramage

mile. area).

OCtObeT . Lo 250 160 204 0.247 0.29
November.. ..o ciieaan 250 112 173 .210 .23
December 1-7. oot 186 173 184 .223 .06

SNAKE RIVER NEAR PINE CITY, MINN.

LocatroNn.—In sec. 26 T. 39 N, R. 21 W., at Changwatana power station of Eastern
Minnesota Power Co., 600 feet below dam belonging to that company, 3,500 feet
below Cross Lake, 2 miles below Pine City, and about 11 miles above the mouth, in
Pine County. *

DRAINAGE AREA.—915 square miles.

RECORDS AVAILABLE.—June 26, 1913, to September 30, 1917, when station was dis-
continued.

Gace.—Staff gage attached to stone retaining wall in front of the power plant on the
left bank of the river; read by E. W. Barnum, and-other employees of the Eastern
Minnesota Power Co. This gage is used for deterrmmng the flow over the da.m
during periods when all of the flow does not pass through the turbines.

DiscHARGE MEASUREMENTS.—Made by wading or from brldge about 1,800 feet above
the gage.

CHANNEL AND CONTROL.—Bed of stream rock and heavy gravel; banks in vicinity of
gage high and not likely to be overflowed. Zero flow at stage 0.2 foot.

DETERMINATION OF FLOW.—Flow determined by adding to the flow through the tur-

. bines the flow over the crest of the dam as obtained from readings of the staff gage.
The flow through the turbines is computed from hourly records of the gate open-
ings and head.
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EXTREMES OF DISCHARGE.—Maximum daily discharge, 4,580 second-feet, April 6;
minimum daily discharge, 59 second-feet, January 28 and March 4.

1913-1917: Maximum discharge 7,315 second-feet, April 25, 1916; minimum
discharge 83 second-feet, February 11, 1914,

Wmvrer rLow.—All water goes through the wheels in winter; flow estimated from
gate openings and head.

RecuratioNn.—Power plant at the station is operated with a varying load for light and
power, causing daily and weekly fluctuations in discharge at low stages. No
appreciable regulation above plant.

Accuracy..—~When the flow is about 200 second-feet or less, the greater part of it
passes through the power plant and is estimated from turbine gate openings and
head on the wheels, an hourly record of which is kept at the plant. Theresults -
of this determination can be considered only fair. Asthe volume of flow increases
a larger portion passes by the plant as waste, at very high stages by far the greater
part of the discharge is waste; this part of the discharge is determined from gage
heights read from a gage in the river opposite the power plant. Stage-discharge
relation for river gage permanent. Rating curve well defined throughout. Gage
read to hundredths every four hours. Daily discharge ascertained by applying
each gage height to the rating table, and taking the mean of the six determinations
of discharge. Records of total flow at the station range from fair for low stages to
excellent for high stages.

CooreraTiON.—The hourly records of gate openings of the turbines and head, and
reading of the river gage are furnished by the Eastern Minnesota Power Co.
Records for last part of current year computed by the employees of the company
by use of rating curves prepared by the engineers of the Survey.

Daily discharge, in second-feet, of Snake River near Pine City, Minn., for the year ending
Sept. 80, 1917.

Day. Oct. { Nov. | Dec. | Jan. [ Feb. | Mar. [ Apr. | May. { June. | Tuly. | Aug. [ Sept.

264 i28 81 71 75 547 11,230 ( 293 93 162 76
258 138 81 71 76 ] 1,120 | 1,460 306 174 137 86
202 94 81 gg 741 1,860 | 1,170 199 lgg 133 76

11
139 8| 67| 77|se20|100| 28| em| us 8

260 139 73 69 771 4,440 968 290 253 172 9%
251 139 83 €9 78 | 4,190 922 288 100 167 77
249 140 79 70 781 3,770 7991 262| 271 152 98
241 99 79 69 781 8,330 750 175 858 142 9%

245 126 76 60 64 | 2,010 686 | 257 370 163 82
132 135 76 70 8312520 587 303 395 123 105
212 137 76 70 77 12,240 5331 201 :&si% 194 119

239 129 70 70 761 1,940 5451 283 167 121
2351 127 76 71 781,600 47 297 ) 157 124
229 128 76 7 781 1,490 449 339 157 85
189 100 77 791 1,250 398 us| 2068 160 138

144 100 75 891 1,340 359 195 251 147 113
146 87 70 72 1,410} 364 114 242 131 1
143 64 76 | 1,450 304 134

99 71 76 1,480 | 254 215 113 120
131 96 71 76 109 | 1,400 137 190 191 133 120
138 7 59 75 117 | 1,300 241 178 | 200 125 118
139 96 L feeenenn 1 1,260 247 168 11 119 uz
105 95 2.5 PO 198 | 1,230 160 173 186 108 101

243 136 82 69 764,580 1,050} 287 335 144 98 -
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Monithly discharge of Snake River near Pine City, Minn., for the year ending Sept. 30, 1917.
[Drainage area, 915 square miles.]

Discharge in second-feet.
is n . Run-off
(depth in
Month. Per igrc es on
.. ajnage
Maximum. | Minimum.| Mean. sg.illa;e area).
201 125 237 0.259 0.30
267 97 190
140 KE] 115 . 126 15
83 59 74.3 .081 09
76 70.1 077
388 59 96.0 . 105 12
4,580 547 | 2,040 2.23 2.49
1,460 137 593 . 64 5
114 227 248 28
395 93 237 .259
194 101 142 155 18
139 76 109 119 13
4,580 59 343 376 5.10

APPLE RIVER NEAR SOMERSET, WIS.

LocarioN.—In sec. 21, T. 31 N., R. 19 W., St. Croix County, at power plant of St.
Croix Power Co., 3} miles below Somerset and 2 miles above mouth of river.
DRAINAGE AREA.—B50 square miles (measured on map issued by Wisconsin Geolog-
ical and Natural History Survey, edition of 1911; scale: 1 inch==6 miles).

RECORDS AVAILABLE.—January 1901, to September 30, 1917.

Gace.—Vertical staff gage; readings not used in determination of flow.

DiscaARGE.—The discharge of the turbines in second-feet corresponding to the number
of kilowattsis determined for each hour during the day from a record of the number
of wheels in operation and the load; the sum of the discharge divided by 24 gives
the average discharge through the turbines. To this quantity is added the leak-
age through the average number of wheels idle each day, the sum giving the daily
flow through the power house. Water is seldom wasted over the spillway of the
dam, but when it is so wasted the quantity is computed from weir formulas and
added to the flow through the plant. There is a constant leakage through the
gate and flashboards amounting to 3 second-feet. This quantity has not been
taken into consideration in computing the published records.

EXTREMES OF DISCHARGE.—Maximum daily discharge during year, 966 second-feet,
April 6; minimum daily discharge, 62 second-feet October 26.

1904-1917: Maximum daily discharge, 2,280 second-feetin June, 1905; minimum
daily discharge, 38 second-feet May 10, 1910. Minimum discharge caused by
regulation. Records of maximum and minimum discharge, 1901-1903, not
available.

RecuraTion.—Thereare a number of power plants on Apple River above the station.

’ The pondage of these plants is small, and though the daily flow may be con-
trolled to some extent the mean monthly flow probably corresponds closely to
the natural flow. i

Accuracy.—In June, 1914, a series of current-meter measurements were made by the
‘Wisconsin Railroad Commission and United States Geological Survey, and a rating
curve for the tailrace was developed. Twelve tests were then run with different
wheels and loads. It was found that the discharge as determined by the current
meter and the discharge as computed by the company agreed very closely, the
percentage difference for the 12 tests ranging from —6.4 per cent to --1.8 per cent,
with an average of —2.0 per cent; the discharge as determined by the company
being 2 per cent less than that determined by the current meter.

CoorEraTION.—Records furnished by the St. Paul Gas Light Co., of St. Paul, Minn.,
F. L. Cross, general manager.
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No discharge measurements were made at this station during the year.

75

Daily discharge, in second-feet, of Apple River near Somerset, Wis., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec.| Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2161 292) (195 211 262 741 547 851 339 261 229
265 234 258 219 230 910 510 524 324 269 127
278 216 259 200 253 893 487 492 3 187 175
231 294 265 283 172 913 459 519 280 247 181

81 329 275 201 267 944 388 479 300 138 166
292 277 256 269 264 966 222 398 314 181 202
214 275 134 217 252 896 343 333 350 217 168
265 278 261 161 885 459 301 192 169 200
296 819 215 229 271 865 470 365 320 186
275 138 201 A5 298 831 377 401 319 166 169
266 223 202 197 254 799 352 418 321 262 126
188 185 194 221 281 759 302 355 311 150
255 215 235 249 284 629 311 312 293 220 182
264 153 155 252 283 578 879 289 279 241 214
255 233 212 246 290 631 349 296 255 194 245
228 206 204 257 293 679 201 307 | - 204 121
265 263 235 262 272 519 312 169 306 211 193
247 242 251 146 190 348 291 236 280 260 182
195 230 253 262 292 506 266 306 312 136 188
268 264 233 254 304 652 169 297 314 200 184
278 245 205 247 295 658 279 344 359 195 290
274 243 213 159 300 462 263 258 240 205 252
298 275 220 264 317 338 204 341 316 206 151
247 171 230 226 579 489 209 237 290 202 206
273 203 257 192 437 555 277 299 276 227 236
151 272 252 27 397 625 282 456 298 213 210
363 224 223 223 471 431 163 373 232 286 197
250 237 216 244 534 367 256 367 269 253 210
319 209 237 |eeeen-- 599 472 300 128 204 256
153 242 2184....... 575 691 217 339 274 106 147

....... 234 202....... 736 |....... cemeees| 313 196 |oeee..

NoTE.—See note under ¢ Discharge”” in station description for account of method by which these records

were obtained.

Monihly discharge of Apple River near Somerset, Wis., for the year ending Sept. 30, 1917

[Drainage area, 550 square miles.]

Discharge in second-feet. Run-oft
_(dggth in
Month. Per lgr m‘fa 0;1
Maximum. | Minimum. | Mean. sgnl];lage area).g
315 62 239 0.435 0.50
363 81 451 .50
329 138 239 . 435 .50
275 134 .409 .47
277 146 228 .415 43
736 172 339 .616 .71
338 668 .21 1.35
547 163 825 .591 .68
524 169 348 .633 .71
859 128 290 .527 .61
286 106 206 -375 .43
250 121 193 .351 .39
966 62 296 538 7.28
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KINNIKINNIC RIVER NEAR RIVER FALLS, WIS,

Locarron.—In sec. 18, T. 27 N., R. 19 W, at Clifton Hollow Bridge, a quarter of a
mile downstream from dam of Clifton Falls Power Co., 2 miles above mouth of
river and 7 miles downstream from River Falls, Pierce County.

DramaGe AREA.—170 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale: 1 inch==6 miles).

REcorDs AvawaBLe.—October 23, 1916, to September 30, 1917,

Gage.—Gurley graph water-stage recorder, in a wooden well fastened to downstream
side of right-hand cushing bridge pier.

DiscEArRGE MEASUREMENTS.—Made from bridge or by wading.

CHANNEL AND coNTROL.—Bed composed of rather heavy gravel and sand; control
is head of small rapids 150 feet below the gage. High water will wash out and
fill in this control section, causing small changes.

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 5.66 feet 4.30
p. m. March 27 (discharge, about 1,900 second-feet); minimum stage recorded,
1.7 feet (discharge, about 15 second-feet), occurred several times following com-
plete shutdown. The maximum is about the natural maximuwm; minimum
caused by regulation at the power house.

Ice.—Stage-discharge relation affected to some extent by ice.

REecuraTioN.—The daily flow is regulated almost completely by the Clifton power
dam just above the station. There are three dams in River Falls which may
also have some effect on the daily flow. The storage at these dams is, however,
relatively small, and the monthly flow is considered to be nearly the normal flow.

Accuracy.—Stage-discharge relation not permanent. Three rating curves used as
follows: October 22 to March 25, well defined between 0 and 120 second-feet;
March 26 to July 18, fairly well defined between 15 and 400 second-feet, extended
and subject to error above and below these limits; July 19 to September 30, 1917,
poorly defined throughout. Continuous gage record obtained by recording gage,
except during a portion of January and February, when gage well was frozen.
Daily discharge ascertained by means of discharge integrator, except during
last part of January and February, when it was estimated. Open-water records
good, except those for high water, which are fair; winter records subject to some
error.

Discharge measurements of Kinnikinnic River near River Falls, Wis., during the years ’
ending Sept. 30, 1916 and 1917.

- Gage Dis- - Gage | Dis-

Date. Made by height. | charge. || Date- Made by height, | charge.
1916, Feet. | Secft. || 1916~17.
Sept. 21 2.39 70 || Feb. 15
1916-17. Apr. 4
Oct. 18 2.4 68 {| June 4
22 1.8 15 4
Dec. 4 2.40 87 4
Jan, 16 |.... 2.50 84 || Aug. g




UPPER MISSISSIPPI RIVER BASIN.

7

Dm’{y discharge, in second-feet, of Kinnikinnic River near River Falls, Wis., for the year

ending Sept. 80, 1917,

Jan., | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

80 65 53 331 67 85 50 89 60

104 65 45 195 65 73 108 62 81

102 65 51 126 66 76 76 56 49

97 65 66 132 64 156 72 74 74

9 65 67 106 69 117 133 57 91

82 65 82 104 4 97 124 58 74

33 65 112 89 79 78 93 79 68

54 65 76 66 74 78 96 72 79

57 65 75 82 55 82 160 63 76

51 65 9% 1. 74 68 86 112 52 74

83 53 65 64 76 63 83 167 80 56
63 61 65 78 65 73 88 138 89 74
61 60 65 86 60 46 49 84 66 79
53 53 65 66 69 59 102 92 66 88
60 72 67 68 60 66 96 73 72 73
74 73 67 82 79 58 64 140 58 76
60 71 89 71 72 60 108 107 60 80
80 71 60 62 62 63 160 90 57 76
102 70 60 96 68 78 54 85 44 83
74 65 60 82 68 84 94 78 81 87
79 78 60 64 76 58 61 66 67 74
7 69 60 | .103 64 84 78 78 72 62
84 68 60 58 72 59 89 78 63 46
75 65 60 128 75 61 210 76 56 86
65 69 40| 375 76 53| 361 74 65 62
124 66 62 | 908 74 95 232 74 58 78
82 65 63 | 1,300 62 61 132 74 68 80
76 65 64| 1,110 74 73 114 69 70 75
87 65 . 30 63 104 126 83 684 75
88 92 80 108 48 68 67 70
123 ceeeeeal Sl 62 0.

Norte.—Gage well frozen Jan. 27 to Feb. 28; discharge estimated. Discharge determined from gage-height
record for less than the 24-hour period, Oct. 28, 29, Nov. 15-17, Dec. 23-24, 30, 31, Jan. 6, 7, 13, 14, 21-26,

June 9, and Sept. 28-29.

Monthly discharge of Kinnikinnic River near River Falls, Wis., for the year ending Sept.

30, 1917.
[Drainage area, 170 square miles.}
Discharge in se -feet.

ischarge i cond Run-off

T > (depth in

Month. Per im on

. . age

Maximum. | Minimum. | Mean. Sgnl}la;.e area).

cveeeaaeane 65.1 0.383 0.13
39 62.5 . 368 .41
35 72.9 .429 .49
33 69.1 . 406 .47
[ 63.6 374 .39
271 1.59 1.83
60 90.0 .529 .59
44 69.1 .406 .47
48 109 .641 .72
50 92.9 .546 .63
44 66.2 .389 .45
46 73.5 .432 .48
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CHIPPEWA RIVER AT BISHOP'S BRIDGE, NEAR WINTER, WIS

LocatioN.—In sec. 23, T. 39 N., R. 6 W., at highway bridge 8 miles downstream
from East Fork of Chippewa River (coming in from the left) and 4 miles by road

- ‘northwest of Winter, Sawyer County.

DRAINAGE AREA.—775 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1 inch=6 miles).

RECORDS AvVAILABLE.—February 23, 1912, to September 30,,1917.

Gaee.—Chain gage fastened to highway bridge used since May 23, 1916; read by
John Edburg. Gages previously used as follows: February 23, 1912, to January
27, 1914, a wooden staff gage fastened to a wooden pier on right bank just above
bridge; datum 3.44 feet above that for chain gage; January 27, 1914, to May 28,
1916, a vertical cast-iron staff gage fastened to same pier; datum same as for chain

ge.

DrscgiReE MEASUREMENTS.—Made from downstream side of highway bridge.

CHANNEL AND coNTROL.—Bed composed of gravel; free from vegetation and not
subject to shift. Control is at head of rapids about 1,000 feet below gage; prac-
tically permanent. One channel at all stages. Banks not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 7.23 feet at 9 a. m.
April 22 (discharge, 3,020 second- feet); minimum discharge estimated at 175

second-feet February 17.

1913-1917: Maximum stage recorded, 9.56 feet April 22, 1916 (discharge,
6,940 second-feet); minimum discharge (estimated) February 17, 1917.
RecuratioN.—Flow modified to some extent by operation of storage reservoir in sec.
14, T. 41 N., R. 6 W., about 16 miles above station. Reservoir has a capacity

of 550,000,000 cubic feet and is used in connection with reservoirs on upper

Flambeau River for regulating flow of Chippewa River.

Accuracy.—Stage-discharge relation permanent except as effected by ice during
winter period and by logs during a portion of April and May. Rating curve well
defined between 270 and 6,820 second-feet. Gage read to hundredths twice daily.
Daily discharge ascertained by applying mean daily gage height to rating table,
except for period in which stage-discharge relation was affected by ice, for which
it was obtained by applying to the rating table daily gage height corrected for
ice effect by means of discharge measurements, observer’s notes, and weather
records; discharge for periods of April and May, when logs were present, inter-
polated. Open-water records excellent except those for April and May which

are fair; winter records good.

Discharge measurements of Chippewa River at Bishop’s Bridge, near Winter, Wis., during
the year ending Sept. 80, 1917.

[Made by R. B. Kilgore.]

Ga, Dis- Gage Dis-
Date. height. | charge. Date. hei charge.
Feet. Sec.-ft Feet. Sec~ft.
5.36 Mar. 98...cooiiiiennninnnnaa.. 6.01 233
5.36 269 I Aug. M .eeneeeniiiinannnnansn 4.45 309
5.53 211

s Complete ice cover.
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Daily discharge, in second-feet, of Chippewa River at Bishop’s Bridge, near Winter, Wis., for
the year ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb, | Mar. | Apr. { May. | June. | July. { Aug. | Sept.
210 590 | 2,440 915 | 1,200 360 340
210 630 | 2,540 | 1,000 | 1,000 340 322
210 635 | 2,640 | 1,000 915 322 304
210 690 | 2,740 | 1,100 915 322 304
210 675 | 2,840 | 1,400 830 322 304
206 2,700 11,520 | 1,150 | 322 304
215 675 12,270 1 1,740 | 1,400 322 304
225 800 { 1,830 1 1, 6: 1,400 340 304
230 830 | 1,400 { 1, 1,400 340 304
240 | 830 (1,350 | 1,520{ 1,350 | 360 304
255 915 | 1,400 | 1,520 | 1,350 360 304
265 | 1,000 | 1,290 | 1,400 | 1,300 | 360 340
265 | 1, 1,190 | 1,200 | 1,100 340 360
320 | 1,100 { 1,080 [ 1,100 ] 960{ 322 430
330 | 1,150 975 | 1, 870 304 430
350 11,250 | 870( 915| 790 | 304 430
380 | 1,200 870 790 675 304 430
390 | 1,300 | 1,050 710 610 304 455
430 11,400 [ 1,150 | 70| 58| 304 480
435 | 1,960 | 1,100 | 790 | 640 287 480
435 2,520 | 1,050 | 70| 675 | 287 455
440 1 2,980 | 1,050 750 675 270 430
485 | 2,840 { 1,000 870 610 287 380
485 | 2,700 960 | 1,050 555 287 360
495 | 2,840 915 | 1, 530 287
510 | 2,700 830 | 1,400 505 304 360
530 | 2,440 790 | 1,300 480 304 360
535 | 2,180 580 | 1,350 430 287 360
565 | 2,240 304 | 1,350 405 304 380
590 { 2,310 530 | 1,350 380 322 380
580 |....... 79Q {.......] 380 322 L.......

Nore.—Stage-dischargerelation affected by ice Nov.25-28and Dec.10to Apr.9; discharge interpolated,
because of logs on control, Apr. 11, 18, 20, 21, 23, 29, May 2-4, 7, 8, and 12-15.

Monthly discharge of Chippewa River at Bishop’s Bridge, near Winter, Wis., for the year
ending Sept. 30, 1917.

: {Drainage area, 775 square miles.]

Discharge in second-feet.

: Run-off

(depth in

Month. Per igrc 1S On

< s ainage

Maximum. | Minimum. | Mean. sgglag:e aren).

1,150 505 0.995 1.15
790 405 607 .783 .87
530 240 333 .430 .50
340 210 244 .315 .36
20 175 .268 .28
590 206 362 .467 .54
2,980 590 1,500 1.94 2.16
2,840 304 1,370 1.77 2.04
1,740 710 1,160 1.50 1.67
1,400 380 841 1.09 1.26
0 270 316 .408 .47
480 304 369 .476 .53
2,980 175 675 .87 11.83
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CHIPPEWA RIVER NEAR BRUCE, WIS.

Locarion.—In sec. 4, T. 35 N., R. 7 W., at Minneapolis, St. Paul & Sault Ste. Marie
Railway bridge 1 mile east of Bruce, Rush County. Thornapple River enters
from the left immediately above the station, and Flambeau River from the left
about 21 miles below.

DrAINAGE AREA.—1,600 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1 inch=6 miles).

Recorps avarnaBLE.—December 31, 1913, to September 30, 1917.

Gace.—Chain gage, attached to downstream side of Minneapolis, St. Paul & Sault
Ste. Marie Railway bridge; read by II. C. Gardner.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND coNTROL.—Bed composed of sand and small gravel; free from vege-
tation; first and second channels from the west fairly permanent; third channel
nearest east bank has a tendency to fill during low stages with sand worked in by
Thornapple River. Flow except durmg extreme high stages is confined within
the banks.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 8.05 feet April 21
(discharge, 7,060 second-feet); minimum discharge estimated 310 second-feet
during January and February.

1910-1917: Maximum stage recorded 12.3 feet at 5.45 p. m., April 22, 1916
(discharge 13,400 second-feet); minimum discharge, about 310 second-feet durmg
January and February, 1917,

Ice.—Stage-discharge relation affected by ice.

Recuration.—Flow modified to some extent by reservoir on the West Fork of Chip-
pewa River, in sec. 14, T. 41 N., R. 6 W. Reservoir has a capacity of 550,000,000
cubic feet, and is used in connection with reservoirs on upper Flambeau River
for the purpose of regulating the flow of Chippewa River. No diurnal fluctuation
iz observed. )

Accuracy.—Stage-discharge relation not permanent; affected by ice during winter
periods and changes caused by shifting control during periods of low water. Rat-
ing curves poorly defined. Gage read to quarter tenths twice daily. Daily dis-
charge ascertained by applying mean daily gage height to rating table, except
for the period in which stage-discharge relation was affected by ice, for which
periods it was obtained by applying to rating table mean daily gage height cor-
rected for ice effect by means of discharge measurements, observer’s notes, and
weather records. Open-water records fair; winter records subject to error.

Discharge measurements of Chippewa River near Bruce, Wis., during the year ending Sept.

30, 1917.
Date. Made by— boke | e, || Date- Made by— rose |
Feet. | Sec.-ft. Feet. | Sec.-ft.
Oct. R.B. Kilgore.......... 2.76 1,310 || Mar. 129| R. B. Kilgore.......... 3.68 408
Jan. 90 E.L. Williams.........] 3.06 426 || May 14 |..... Qoo 3.40 1,800
Feb. 74 R. B. Kilgore.......... 3.25 392 || Aug. 15 |.....d0ceeeccenniannai. 1.33 313

a Complete ice cover.
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Datly discharge, in second-feet, of Chippewa River near Bruce, Wis., for the y.ear ending

Sept. 80, 1917.

Day. Oct, | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

1.. 1,140 | 1,050 310 340 | 1,040 | 4,840 | 3,400 | 1,800 575 430

2 1,140 { 1,050 615 310 860 { 1,440 | 4,600 | 3,100 | 1,600 690 380

3 1050 | 970 310 | 390 1,830 | 4,300 | 2,600 | 1,400 | 430| g0

4 1050 80| 55| 340| 390 2060)3,90)2500)1,20] 50| 3%

5. 1oso| 8| s10f 30| 385220 3600|2600 1200 50| 540

6 1,000| 00| 510 3% 2,970 | 3,300 | 2,900 { 1,800 380

7 Lowo| 030] 475| 205 3703 3,100 | 4,200 | 3,100 | 510[ 540

8 1,230 80| 40| 300| 405]3 903,000/ 4 2003200 3%

9 50| 85| 425| 370| 440| 3870|2600 | 4,000 | 2,800] 80| 57

10. 1,720 810 410 370 3,900 | 2,500 | 3,000 | 2,400 610 455

| 800 {1,520 810 400 37| 405|4,840|2,300 (2600230 510] 405

120000000000 930 {10520 770 390 | 370| 4055200 (2200|2400 | 2,200] e90| 430

B 970 | 1,320 | 730 370 | 405 | 4300|2100 [ 2300} 2,100] e610| 455

140000000 1,220 | ‘690 | 690| 370| 355 450 | 4)000 | 2000 | 2000 [ 1800 40| 510

... 1,320 65| 650| 365| 340| 4953400 | 1,900 | 1,700 | ;600 | 326| 610

[ T 1,420 {1,520 | 615| 60| 355| s520]3,100|1,600]1,5001,400] 575 340

17l 1,720 (1,420} 580 | 355| 370 | 5453100 1,800 (1,400 1,100 310| 610

18I 1720 Ua2o| 580 350 355) 6003400 | 1,700 1200 | 1,100 | 80| 610

1900000000 1,720 | 1,230 545| 30| 310 650{ 4400 {1,800 [1]100| “S00] 480| 455
2 720 | 1,230 | 510| 330 | 355| 690 5,68 | 1,800 | 690 | 1,060 | 455
10| 475 730 | 7,000 | 1,900 | 1,300 | 1,500 { 430

050 | 440 750 1 6,760 | 1,800 | 1400 | 1,300 | 430 | 510

050 | 440 70| 580 | 1,500 | '890 | 1,200 | 430| 480

970 | 440 700 | 4,840 | 1)600| 810 |1,200| 455| 810

90| 440 810 | 4,300 [ 1,500 | 1,900 | 930 | 282| 510

90| 475 30 | 4,000 | 1,100 | 2,200 | 930 350

050 | 510 850 | 4,000 | o2 | 2,100] 60| s2{ 575

00| 580 870 | 4,000 | 1020 | 1,700 | 890| 455] 510

050 | 615 290 [ 4,100 | 1020 | 2000 | 930| 30| 510

050 650 .\ 950 4,600 | 1,060 | 1,800 610 370 510

650 1,010 |...... 2200 onr ... 610 | 480 |..en...

Nore.~Stage-discharge relation affected by ice Nov. 16 to Dec. 1 and Dec. 9 to April 10,

Monthly discharge of Chippewa River near Bruce, Wis., for the year ending Sept. 80, 1917.

[Drainage area, 1,600 square miles.]

Dischar second-feet.
go in d-feet, Run
(depth in
Month. per | inches on
. drainage
Maximum. | Minimum.| Mean, squal:e area).
1,720 1,20{ 0.769 0.89
1,720 615 1,160 .81
1,050 440 691 .432 .50
650 310 394 <246 .28
405 310 363 . .24
1,010 340 590 369 .43
7,000 1,040 3,940 2.46 2.74
4,840 1,020 2,280 1.42 1.64
4,200 2,180 1.36 1.52
3,200 610 1,510 .944 1.09
690 282 482 .301 .35
810 326 492 308 .34
LT 7,000 282 1,280 .800 10.83

CHIPPEWA RIVER AT CHIPPEWA FALLS, WIS.

Location,—In SE, 1 sec. 6, T. 28 N., R. 8 W,,at highway bridge at Chippewa Falls,
Chippewa County, 2,500 feet below mouth of Duncan Creek, coming in from

the right.
DRAINAGE AREA.—5,600 square miles.

96719°—19—wsp 465——6
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RECORDS AVAILABLE.—June 22, 1888, to September 30, 1917. The gage was originally
established by the Chippewa Lumber & Boom Co., which has kept a continuous
record since 1889. ~ Since 1904 the United States Weather Bureau has obtained
gage readings during the flood season of each year. On June 1, 1906, the United
States Geological Survey began making discharge measurements and maintain-
ing gage readings.

GAge.—On July 27, 1916, a Gurley graph water-stage recorder replaced Friez water-
stage recorder which was installed January, 1914, on web between cushing piers
supporting first right-hand span and about 10 feet upstream from the gage formerly
used by United States Weather Bureau; gage referred to the original datum.

DiscEARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

CHANNEL AND conTroL.—Heavy gravel; fairly permanent; both banks high and
are rarely overflowed.

ExTREMES oF sTAGE.—Maximum stage recorded during year, 8. 32 feet at 12 a. m.,
April 23 (discharge 24,900 second-feet); minimum discharge estimated 40 second—
feet February 4; on this date all gates and other openings in the Wissota plant
of the Wisconsin & Minnesota Light & Power Co. were closed, the discharge of
40 second-feet being the inflow between the dam and the station.

1888-1917: Maximum stage recorded, 26.03 feet December 6, 1896. S¢ptember
10, 1884, a stage of 26.94 feet was reached; discharge not estimated. Minimum
discharge recorded February 4, 1917.

Ice.—Stage-discharge relation seriously affected by ice.

RecuraTiON.—From October to January 15 little fluctuation was caused by the opera-
tion of power plant about half a mile above gage. Considerable fluctuation was,
however, caused by the operation of larger plants above, notably the plant of
the Burnett Falls Manufacturing Co., at Cornell, Wis. Beginning about January
15 operation was started at the Wissota plant of the Wisconsin & Minnesota Light
& Power Co. The pond was filled during January and February and operation
of the wheels was begun about February 15, After this date flow during me-
dium and low stage is controlled by this plant.

Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined between 530 and 56,200 second-feet; below 530 second-feet poorly defined.
Operation of water-stage recorder was satisfactory throughout the year. Except
for periods when stage-discharge relation was affected by ice, daily discharge
October 1 to May 11 ascertained by applying to rating table, mean daily gage
height obtained by planimeter from gage-height graph; discharge May 12 to
September 30 obtained with the discharge intergrator Discharge during periods
when stage-discharge relation was affected by i ice, November 18-24, December
14 to April 5 ascertained by applying to rating curve mean daily gage height
corrected for the effect of ice by means of discharge measurements, observer’s
notes, and weather records, and to some extent on computations of flow through
the Wissota dam. Open-water recerds good; winter records roughly approximate.

Discharge measurements of Chippewa River at Chippewa Falls, Wis., during the year
ending Sept. 80, 1917,

Gage Dis- Gage | Dis-
Date. Made by— heig%:t. charge. | Date: Made by— height. | charge.
Feet, | Sec.-ft. Sac.—&b
Jan. 1l re and Williams..| 1.75 1,730 5 1,
18] R. . Kilgore. ......... .12 393 3,070
Feb. 20q]..... 0unmrmeermnnrnnnns .62 627 656

a Complete ice cover.
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Daily discharge, in second-feet, of C'lnppewa River at Chippewa Falls, Wis., for the
year ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

365 | 2,210 | 4,310 {16,300 { 5,700 | 5,170 | 2,800 | 1,700

365 | 1,830 5,950 {17,300 | 6,830 | 4,570 | 2,950 960

365 | 1,440 | 7,150 |17,300 | 7,910 | 4,690 | 3,340 740

1,080 | 8,760 {16,300 | 7,970 | 3, 3,300 | 1,570

1,400 |10, 14,700 | 5,870 | 4,880 | 1,030 { 1,600

395 | 1,480 {11,800 {13,100 | 9,310 | 4,470 | 2,900 | 1,880

550 | 1,600 |15,600 {13,400 | 9,610 | 6,910 1,790 | 1,980

335 | 1,580 [14,400 (12,800 | 9,920 | 9,840 | 2,570 | 1,620

335 | 1,520 (15,000 | 9,720 {13,000 | 8,340 | 2,360 900

395 | 1,490 | 9,720 | 9,140 {11,000 | 6,870 | 2,250 | 1,200

450 | 835 |12,800 | 8,270 | 8,670 | 5,820 | 2,020 | 1,860

490 | 1,280 {19,000 | 7,300 | 6,420 | 5,780 { 950 | 1,480

490 | 1,510 {20,000 | 5,720 | 4,060 | 4,320 | 1,340 | 2,010

510 | 1,700 {19,400 | 6,000 | 3,650 | 4,800 | 1,640 [ 1,850

2,210 { 1,680 {16,600 | 5,230 | 4,150 | 3,110 | 1,480 | 1,720

2,390 | 1,910 {14,000 | 5,630 | 2,630 | 3,760 | 1,710 960

1,410 | 1,930 12,500 | 4,700 | 2,390 | 2,830 | 1,320 | 1,640

1,050 | 1,580 (14,000 | 4,580 | 2,600 | 2,940 | 1,900 | 2,070

380 | 1,580 | 1,280 {13,100 | 4,390 | 2,630 | 3,260 | 1,200 | 2,190

380 | 610} 1,320 13,700 | 5,730 | 2,710 | 3,380 | 1,550 2,410

380 | 660 980 (16,600 | 5,400 | 2,900-| 2,900 | 1,890 | 2,150

380 | 3,190 | 1,370 |20,400 | 4,610 | 2,410 | 4,270 | 1,740 | 2,160

365 | 2,430 | 950 |23,300 | 4,760 | 5,500 | 2,400 | 1,350 [ 1,050

2,300 | 950 (21,500 | 5,320 | 3,980 | 2,790 | 1,800 | 2,190

365 | 2,230 745 19,000 | 4,810 | 4,540 | 2,680 | 1,750 | 2,160

1,890 790 (17,300 | 3,560 | 4,690 | 2,310 | 1,360 | 2,250

350 (1,320 | 895 (14,700 | 3,910 | 4,370 | 2,410 | 1,570 | 2,190

350 | 1,580 14,700 | 4,620 | 8,400 | 2,160 | 1,870 | 1,930

335 }....... 12,800 | 3,680 | 4,630 800 | 1,770 { 1,930
335 ]....... 1,010 {15,600 | 3,320 | 4,260 | 3,860 | 1,710 9

350 |..eenn. 2,520 f....... 3,740 |....... 2,860 | 1,650 |..... .

Nore.—Stage-discharge relation affected by ice Nov. 18-24 and Dec. 14 to Apr. 5.

Monthly discharge of Chippewa River at Chippewa Falls, Wis., for the year ending
Sept. 80, 1917,

[Drainage aresa, 5,600 square miles.)

Discharge in second-feet.
g8 Run-off
(depth in
Month. Per ing
dramage
Maximum. | Minimum. | Mean. sqqar.e area).
5,020 2,780 3,640 0.650 0.75
6, 850 2,980 3,920 . 700 .78
3,190 860 2,330 .416 .48
3,400 335 831 .148 .17
3,190 40 1,090 .195 .20
2,520 745 1,370 - 245 .28
23,300 4,310 | 14,500 2.59 2.89
17,300 3,320 7,910 1.4 1.63
13,000 2,390 5,760 1.03 115
9,840 800 4,160 <743 B
3,340 950 1,900 .339 .39
2,410 740 1,710 .305 B
23,300 40 4,090 . 730 9.92
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FLAMBEAU RIVER NEAR BUTTERNUT, WIS.

LocatioN.—In NW. 1 SE. 4 sec. 33, T. 41 N., R. 1 E., Ashland County, 6 miles south-
east of Butternut and 7 miles upstream from Park Falls.

DRAINAGE AREA.—660 square miles (measured on map issued by Wisconsin Geo-
logical & Natural History Survey, edition of 1911; scale, 1 inch=6 miles).

REecorps AvarraBLeE.—July 30, 1914, to September 30, 1917,

Gaee.—Chain gage supported by built-up cantilever attached to posts set in the
right bank of the river, installed May 26, 1916; read by Miss Mathilda Schulz.
Vertical staff gage at same site and datum was used from July 30, 1914, until

~ taken out by ice in spring of 1916.

DiscHARGE MEASUREMENTS.—Made from a cable 1,500 feet downstream from gage.

CHANNEL AND cONTROL.—Bed at gage composed of mud and rock. Left bank is
low and subject to overflow; right bank slopes back gradually to high-water mark.
At the cable site, 1,500 feet below the gage, the bed is rocky and the banks high.
Control is at head of Schultz Rapids about 200 feet below cable and 1,700 feet
below gage.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.02 feet April
21, and 23 (discharge, 1,400 second-feet), minimum discharge estimated 340
second-feet February 9.

1914-1917: Maximum stage recorded 9.0 feet, April 22 and 23, 1916 (discharge,
5,430 second-feet); minimum d]scharge February 9, 1917.

REa@ULATION.—Storage reservoirs are maintained by the Chippewa & Flambeau
Improvement Co. on the headwaters of the Flambeau River. Of these reservoirs,
Rest Lake, in sec. 9, T. 42 N., R. 5 E., with an allowable capacity of approx-
imately 1.5 billion cubic feet, is the largest.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 356 and 3,480 second-feet. Gage read to quarter-
tenths twice daily. Daily discharge ascertained by applying mean daily gage
height to rating curve except for periods in which stage-discharge relation was
affected by ice, for which it was obtained by applying to rating table daily gage
height corrected for ice effect by means of discharge measurements, observer’s
notes, and weather records. Gage not read on most Sundays part of April to
July; discharge interpolated. Open-water records good; winter records fair.

Discharge measurements of Flambeau River near Butternut, Wis., during the year ending
Sept. 30, 1917.

[Made by R. B. Kilgore.]

Gage Dis- Gage |’ Dis-
Date. height. | charge. Date. heiagit. charge.
Feet. Sec.-ft. Feet. Sec.-ft.
Mar, 18.. (oo eiaiaiaaanans
2.78 514 3.15 384
2.63 389 May 12, . cciimmcneiinaannns 3.39 1,070

& Complete ice cover.
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Daily discharge, in second-feet, of Flambeay River near Butternut, Wis., for the yemr

ending Sept. 30, 1917.

.

Day. Oct, | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
760 535 385 385 675 {1,280 { 1,080 | 1,080 554 432
782 520 370 385 695 | 1,330 1,170 | 1,030 518 400
805 520 380 385 715 | 1,330 | 1,140 940 554 416
782 520 390 385 740 | 1,330 { 1,120 | 1,120 554 416
760 520 400 385 760 | 1,330 | 1,170 | 1,330 554 400
782 520 380 385 805 | 1,300 | 1,170 { 1,120 554 416
805| 500 355! 385 830(1,280(1,28011,220( 554 449
805 485 350 385 850 | 1,220 | 1,330 | 1,200 554 449

475 340 385 870 | 1,220 | 1,330 | 1,170 554 432

782 465 355 385 8951 1,170 | 1,280 | 1, 554 400
760 450 37 385 940 11,120 1,220 985 554 400
738 430 385 385 960 | 1,080 | 1,120 9856 554 385
716 415) 370| 385| 985)1,030(1,030| 940| 518 416
715 415 355 385 | 1,030 985 940 895 518 518
715 420 355 385 | 1,080 985 895 872 554 592
690 435 355 385 | 1,120 940 805 850 554 554
675 450 355 385 [ 1,170 895 805 760 554 554
675 445 355 385 [ 1,220 940 805 716 554 518
650 440 355 400 | 1,120 985 895 673 554 483
630 430 360 400 | 1,280 962 985 673 554 449
630 420 365 415 | 1,380 940 | 1,030 632 554 432
610| 415| 370) 430}1,380| 895[1,030{ 632| 518 416
400 370 450 | 1,380 850 | 1,030 632 483 385

590 385 370 4651 1,380 805 | 1,100 632 449 370
575 390 370 485 | 1,380 760 | 1,170 632 449 356
575 400 370 1,380 760 | 1,170 632 554 400
555 395 385 520 | 1,330 738 | 1,170 632 554 432
555 390 385 555 1,220 716 | 1,120 592 554 449
555 390 |..... .. 575 11,220 716 | 1,080 592 483 432
535 395 . ... 590 {1,220} 716]1,080 | 592| 449 416
Blociveeiineaa| 8951....... 535 400 [....... 630 [oeeaee.l 985 fi......] 554 449 |.......

Note.—Stage-discharge relation affected by ice, Dec. 14 to Apr. 17. No gage-height records, Apr. 22,

29, May 6, 13, 20, 27, June 3, 10, 17, 24, July 1, 8, 15, 22, 20 and Aug. 5; dischage interpolated.

Monthly discharge of Flambeau River near Butternut, Wis., for the yea; ending Sept.

30, 1917. .
[Drainage area, 660 square miles.]
Discharge in second-feet.
Run-off

(depth in

Month. Per inches on

Maximum. | Minimum. | Mean. | square | drainage

mile. area).

1,120 632 858]  1.30 1.50
1,120 342 828 1.25 1.40
805 536 682 1.03 1.19
385 444 .673 .78
400 340 368 . 558 .58
630 385 430 .651 .75
1,380 675 1,070 1.62 1.81
1,330 716 1,020 1.56 1.79
1,330 805 1,080 1.64 1.8
1,330 851 1.29 1.49
554 449 531 .805 .93
592 356 439 .665 .74
The Year. .. .cecevececancanccaassscsosass 1,380 340 718 1.09 14.79
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FLAMBEAU RIVER NEAR LADYSMITH, WIS.

LocarioN.—In SE. % sec. 20, T. 35 N., R. 5 W., at H. J. Corpelissen’s farm, about

* 6 miles by road northeast of Ladysmith, Rusk County, 21 miles below mouth of
South' Fork of Flambeau River, coming in from the left, and 28 miles above
mouth of river.

DRAINAGE AREA.—1,940 square miles (measured on map issued by Wisconsin Geo-
logical & Natural History Survey, edition of 1911; scale, 1 inch==6 miles).

RECORDS AVAILABLE.—January 2, 1914, to September 30, 1917. From February 15,
1905, to December 2, 1906, records were collected at a station in the city of Lady-
smith, three-fourths of a mile south of the Minneapolis, St. Paul & Sault Ste. Marie
Railway station, half a mile below the dam of the Menasha Pulp Co., and about
6 miles below the present station.

Gage,—Chain, fastened to a cantilever arm supported by two trees on the left bank
of the river, on the farm of H. J. Cornelissen; read by H. J. Corpelissen.

DiscHARGE MEASUREMENTS.—Made from cable 200 feet below gage.

CHANNEL AND cONTROL.—Bed composed of gravel and sand; free from vegetation
and fairly permanent. At the gage section, channel is divided by a small sandy
island; at the cable section the river flows in one channel; banks are medium
high, wooded, and not subject to overflow. Control not well defined, formed
by the channel below the gage.

EXTrREMES OF DISCHARGE.—Maximum stage recorded during year when chanel was
clear of ice and logs 6.6 feet June 7, 8 (discharge 7,880 second-feet); minimum
discharge, 605 second-feet March 10-17.

1903-1906 and 1914-1917: Maximum discharge recorded, 17,400 second-feet
April 23, 1916; minimum discharge, 390 second-feet December 4, 1904.

Ice.—Large quantities of frazil ice form on the falls and rapids above the station
and fill the channel for a distance of several miles from the gage to pond of the
paper company’s dam at Ladysmith, seriously affecting the stage-discharge
relation.

RecuraTION.—The Chippewa & Flambeau Improvement Co. operates storage reser-
voirs on Rest Lake and smaller reservoirs on Manitowish and Turtle rivers and
Bear Creek. Weekly fluctuations at the gage are caused by operation of power
plants at Park Falls and storage reservoirs; no daily fluctuation has been observed.

Accuracy.—Stage-discharge relation permanent except as affected by logs and ice.
Rating curve well defined between 770 and 17,000 second-feet, roughly approxi-
mate above and below these limits. Gage read once deily to quarter tenths.
Daily discharge ascertained by applying daily gage height to rating table, except
for periods in which stage-discharge relation was affected by ice or logs for which
discharge was obtained by applying to rating table mean daily gage heights
corrected for backwater by means of discharge measurements, observers’ notes,
and weather records. Open-water records excellent except those for April,
May, and June, when logs were inriver, for which they are fair; winterrecordsfair.

Discharge measurements of Flambeau River near Ladysmith, Wis., during the year ending
Sept. 80, 1917.

[Made by R. B. Kilgore.]

Gage Dis- Gage Dis-
Date. height. | charge. Date. height. | charge.
Feet. Sec.-ft. Feet. Sec.~ft.
Jan. 106, ...l 4.94 8l4 (| May18d... . . .ocooo.... 3.53 1,980
Feb.8a L IIIITIIIIITIII 4.55 616 || Aug.16. ... ..l 2.06
Mar.13e. . .ooeiiieiiiiinnn. 4.90 607

a Complete ice cover. b Logs in channel below gage.
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Daily discharge, in second-feet, of Flambeay River near Ladysmith,
ending Sept. 80, 1917,

87

Wis., for the year

Day. Oct. } Nov. | Dec. | Jan. | Feb-|Mar. |Apr. | May. | June.} July. | Aug. | Sept.
1,910 | 1,910 880 660 620 | 1,340 | 4,310 { 1,910 | 2,510 920 920
1,910 | 1,910 880 660 620 | 1,450 } 4,480 | 2,900 | 2,390 920 805
1,010 | 1,910 880 660 620 | 1,560 | 4.480 | 3,040 | 2,510 920 880
1,910 [ 1,790 | 880 620 | 1,560 | 3,070 | 3,180 | 2,300 | 920] 685
1,790 {1,790 | 835| 620 620|1,6703,800)3,800)1,010| 920] 920
1,790 [ 1,700 | 835 620] 620 |1,790] 3,800 5,600)2,300| ss0] 70
1,790 1,670 | 835) 620] 620 1,910} 3800 7,880 | 3,180 | 1,000 770
1,910 | 1,670 835 620 620 | 2,030 | 3,040 § 7,880 | 8,970 920 805
2,270 | 1,620 835 620 620 [ 2,150 | 8,180 | 6,660 | 3,640 | 1,000 770
2,640 | 1,560 | 815| 620 605)2,270 | 2,000 | 3,640 | 2,180 | 1,000 | 840
2,610 1,500 790| 620] 6051 2,390 | 2,900 4,140 | 2,770 | 1,000 685
2,640 | 1,450 790 620 605 | 2,510 | 2,900 | 3,480 | 2,390 | 1,000 770
2390 | 1,400 | 745| 620| 605 ]2 640 2,900 | 2,900 | 2,510 | 960 840
2,330 | 1,340 745 620 605 | 2,770 | 2,510 | 2,900 | 2,150 840 840
2,270 { 1,280 [ 745| 620 605 2,000 | 2,270 {2,150 | 1,910 | 840 | 1,000
2,270 ]1,230] 75| e20]| 605)3,000]1,910)2,150)1,79 | 770 1,080
2210|1230 700| 620]| 605]3,180 | 1,910 | 1,910 | 1,670 | 805 | 1,160
2150 | 1,180} 700 620| 6203480 ] 1,910 1,790 ] 1,560 | 920 | 1,080
200900 11,120 700| 620] 620]4,4%0|1,910{ 1,790 | 1,450 | 920 1,040
2030 |1,120| 700| 20| 660 5,400 | 2,270 | 1,910 | 1,500 | 920} 1,000
1,010 11,120] 70| e20! 660|6,000]2390]2300]1,500( 90! 880
1m0 o0] 00| 620] 700)6000)2,510)2150) 1,290 960 840
1,670 | 1,020] 700| 620 700}5,400 | 2,300 | 2,270 | 1,240 | 960 770
1,670 | 1,020| 700 | 620 745} 4,840]2,900]2,150 | 1,240 | 960 770
1,730 { 1,020 | 700 620 835 4,480 | 2,510 | 2,640 {1,120 | 880 | 840
1,910 970 660 620 880 | 3,800 } 1,790 | 2,640 | 1,160 920 805
2,030 970 660 620 925 | 3,480 1 1,620 | 4,140 | 1,120 920 920
2,030} 925| 660 )

2,030 | 925 4
1,970 925
cveeee . 925

Nore.—Stage-discharge relation affected by ice, Nov. 14 to Apr. 17; by logs May 5-25 and June 28.

Monthly discharge of Flambeau River near Ladysmith, Wis., for ihe year ending Sept.

30, 1917.
[Drainage area, 1,940 square miles.}
Discharge in second-feet. Run-off -
(depth in
Month. Per inches on
Maximum. | Minimum.| Mean. square | drainage
mile. area).
2,390 1,230 1,750 0.902 1.04
2,640 1,670 2,050 1.06 1.18
1.910 925 1,330 .686 .79
880 660 753 .388 .45
660 620 626 .323 %
1,230 605 6 .369 .43
6,000 1,340 3,190 1.64 1.83
4,480 1,450 | 2,690 1.39 1.60
7,880 1,790 3340( 172 1.92
3,970 920 1,960 1.01 1.16
,200 740 929 .479 .55
1,160 685 884 .456 <51
7,880 605 1,690 .87L 11.80

JUMP RIVER AT SHELDON, WIS.

LocaTtion.—Insec. 26, T. 33, N., R. 5 W., at highway bridge in Sheldon, Rusk County,
11 miles above confluence of Jump and Chippewa rivers.
DrAINAGE AREA.—510square miles (measured on map issued by Wisconsin Geological
and Natural History Survey, edition of 1911; scale, 1 inch==6 miles).
REecorDS AvamaBLE.—July 22, 1915, to September 30, 1917.
Gaee.—Chain gage bolted to downstream handrail of bridge.
DiScHARGE MEASUREMENTS.—Made from downstream side of bridge.
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CHANNEL AND coNTROL.—Heavy gravel, clean, and free from vegetation. Right
bank high and not subject to overflow; left bank may be overflowed occasionally.
EXTREMES OF DISCHARGE.—Maximum stage recorded during.year, 6.89 feet at 8
a. m. April 22 (discharge, 4,020 second-feet); minimum discharge estimated 20
second-feet, January and February.
1915-1917: Maximum discharge 8,600 second-feet April 22, 1916; minimum
discharge about 18 second-feet January 20, 1916.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 45 and 5,930 second-feet. Gage read to quarter tenths
twice daily. Daily discharge ascertained by applying mean daily gage height
to rating table except for period in which stage-discharge relation was affected by
ice, for which it was obtained by applying to rating table mean daily gage height
corrected for ice effect by means of discharge measurements, observer’s notes, and
weather records. Open-water records good; winter records fair.

Discharge measurements of Jump River at Sheldon, Wis., during the year ending Sept. 30,
. 1917.

[Made by R. B. Kilgore.}

Gage Dis- Gage Dis-
Date. he:ﬁ)t. charge. Date. haiﬁnt. charge.
1o11. Feet. Sec.-ft. 1912. Feet. Sec.-ft.
Jan. 9a.... ... eeseeeeeeanaeas 3.46 36l Mar.14a,.....oooiimnannnnn... 3.65 35
Feb, 9a._..lLl TllIIIIIIITN 3.69 24 || May 5.0 .0 llllllllIlII 3.64 354

a Complete ice cover.

Daily discharge, in second-feet, of Jump River at Sheldon, Wis., for the year ending Sept.

30, 1917.

Day. Oct. | Nov. | Dec. | Jan, | Feb. | Mar, | Apr. | May. | June.| July.| Aug. | Sept.
195 256 169 35 20 25 840 | 2,510 330 270 44 45
183 310 155 30 20 25 11,020 | 2,510 3565 225 38 44
143 285 165 25 20 251 1,200 | 2,110 330 176 33 39
118 251 175 25 25 25 | 1,510 | 1,740 330 148 36 39
7 165 25 25 301,620 | 1, 380 | 140 38 55
107 207 155 25 25 30 11,80 | 1,110 840 164 42 88
85 195 165 30 25 30 | 2,370 011,300 255 55 148
246 175 30 25 30 | 2,370 680 | 1,510 305 65 148
76 140 35 25 30 | 2,650 610 | 1,510 260 68 112
930 | 100 35 25 35 (2,510 540 1,110 | 200 70 65
76 930 110 35 25 35 | 2,950 485 840 176 65 55
97 645 120 30 25 35 | 3,400 458 610 144 60 58
91 540 100 30 25 35 | 3,250 405 485 180 48 ki
118 540 80 30 25 35 | 2,650 355 405 176 39 156
139 420 75 25 35 | 1,980 330 330 140 33 180
16 icieiiannnn 132 390 70 25 25 40 | 1,510 305 280 36 164
) R 124 360 55 25 20 45 [ 1,200 305 230 136 33 144
) 1 S 195 335 40 25 20 60 | 1,400 275 205 112 36 136
b L T, 179 310 35 25 20 70 | 1,860 330 185 119 38 112
1 . 163 260 25 25 20 70 | 2,510 330 176 122 42 91
143 253 35 20 20 85 | 3,720 430 164 105 42 70
143 246 40 20 20 100 | 3,880 405 160 102 48 68
128 204 45 20 20 120 | 3,250 380 164 88 50 58
124 163 50 20 25 135 | 2,370 330 172 77 48 50
132 183 40 20 25 155 | 1,860 270 280 70 44 50
171 203 25 175 | 1,510 250 430 65 50 kid
335 224 25 215 (1,400 | 220 | 485 58 48 77
285 246 25 310 | 1,510 200 430 58 45 148
260 214 30 360 | 1,860 180 305 50 45 205
251 183 40 480 | 2,370 185 305 45 .48 176
cavesen 610 |....... 230 |aceunn. 44 50 [voconan

Nore.—Stage-discharge relation affected by ice Nov. 16-20, Dec. 7to Apr. 4.
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Monthly discharge of Jump River at Sheldon, Wis., for the year ending Sept. Sb, 1917.
[Drainage area, 510 square miles.]

Discharge in second-feet.. Run-off
(dggth in
Month. Per inches on
Maximuom, | Minimum.| Mean. | square | drainage
mile, area).
335 150 0.294 0.34
930 163 348 682 .76
15 25 86.1 .169 .19
35 20 25.6 050 .08
25 20 23.2 <046 .05
610 25 113 <222 .26
3,880 | 840§ 2,150 4.22 4.7
2,510 180 666 L3 1.51
1,510 160 488 <957 1.07
305 44 140 <274 .32
70 46.4 .091 .10
205 39 97.8 .192 .21
3,880 20 359 704 9.58

EAU CLAIRE RIVER NEAR AUGUSTA, WIS.

LocaTion.—In sec. 12, T. 26 N., R. 6 E., at Trouble Water Bridge, about 7 miles
northeast of Augusta, Eau Claire County. South Fork of Eau Claire River enters
from left about 4 miles above station.

DraINAGE ArEA.—500 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1 inch==6 miles).

REecorps AVAILABLE.—July 16, 1914, to September 30, 1917.

Gage.—Chain gage on downstream side of bridge; read by Albert Wagner.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading at
control about 500 feet downstream from bridge.

CHANNEL AND CONTROL.—Bed at bridge and above is sandy and very shifting; a short
distance below the gage the channel narrows and a rock outcrop overlain with
large boulders forms the control. Banks are high and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum open-water stage recorded, during year, 7.08
feet April 3 and 4 (discharge, 3,710 second-feet); a stage of 11.0 feet March 31
was due to backwater from ice; minimum discharge estimated at 25 second-feet
January 3-5 and 21-25.

1914-1917: Maximum open-water stage recorded, 10.6 feet at noon April 1,
1916 (discharge, 7,180 second-feet); discharge less at stage of 11.0 feet March 31,
1917, which was due to backwater from ice; minimum discharge January, 1917.

Accuracy.—Stage-discharge relation practically permanent except as affected by
ice. Rating curve used October 1 to September 30, well defined from 87 to
5,520 second-feet; poorly defined outside these limits. Gage read to quarter
tenths once a day. Daily discharge ascertained by applying daily gage height
to rating table, except for period in which stage-discharge relation was affected
by ice, for which it was obtained by applying to rating table mean daily gage
height corrected for effect of ice by means of discharge measurements, observer’s
notes, and weather records. Open-water records good, except for low stages for
which they are fair; winter records fair.

Discharge measurements of Eau Claire River near Augusta, Wis., during the year ending
Sept. 30, 1917.

Date. Made by— ]G.ag]et. ]Dlgg'e. Date. Made by— h‘gigﬁ. cﬂ:.lr:;,:e.
Feet. | Secft. Feet. | Sec.-ft.

Jan, 2¢| B, L. Williams......... 0.93 29 || Mar, 22¢| R. B. Kilgore.......... 2.08 78
Feb. 11a| R. B. Kilgore.......... 1.52 47 4 June 5/..... 15 ) N 2.05 561

a Complete ice cover.
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Daily discharge, in second feet, of Eau Claire River near Augusta, Wis., for the year ending
Sept. 80, 1917.

Day Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
13| 141 30 65 403,53 | 1,570 | 369| 129 62 43
97 141 179 30 65 40 | 3,620 | 1,400 368 129 118 40
87| 141 249 25 65| .40(3,7101,0303 293} 107 73 43
83 141 221 25 65 40| 3,710 833 293 97 62 40
73 201 193 25 70 40 | 8,710 761 369 97 69 40
69 179 180 30 70 40 | 3,530 533 107 141 43
69 158 155 30 65 40} 2,840 449 | 1,130 118 134 40
73 263 130 30 60 401 2,240 385 | 2,450 125 134 47
69 797 35 50 451 1,630 353 | 1,890 107 41 40
69 | 1,400 70 40 45 501,200 | 323[1,030 87| 129 40
8 833 70 40 - 45 451 1,130 293 690 107 78 40
62 482 40 40 50 | 1,030 263 449 118 3 48
78 385 55 50 40 45 869 193 401 107 83 . 62
263 45 50 40 45 761 193 278 118 87 66
87 250 40 45 40 40 620 166 249 97 69 69
83 250 40 40 45 40 550 153 235 91 78 54
87 280 35 40 45 40 482 153 179 91 69 57
78 323 35 35 45 60 482 141 166 91 69 47
78 369 35 30 50 70 550 193 153 83 69 78
87 482 30 30 55 75 761 221 107 87 69 62
87 308 30 25 45 80 § 1,130 221 107 83 62 69
83 293 30 25 35 80 ] 1,200 249 107 83 62 54
78 263 30 25 35 80 905 249 91 62
207 30 25| - 40 85 690 249 129 179 69 78
97 220 30 25 40 105 761 235 129 153 54 54
153 235 30 30 40 415 833 221 174 118 62 78
1! 250 30 30 40 945 193 166 91 54 179
141 263 30 45 40 | 1,400 761 179 129 78 51 166
141 263 30 60 |ecee.-. 2,100 985 153 118 69 47 78
i41 249 30 60 fueucen. 3,170 | 1,510 166 129 78 43 97
141 eaeo... 30 65 [aennee. 3,440 |....... 221 {ecenee. 40 40 |.......

NoTE. —Stagedli%hiarge relation affected by ice, Nov. 15-17, 25-27, and Dec. 6 to Apr. 2. Discharge

Sept. 14 interpolat

Monthly discharge of Eau Claire River near Augusta, Wis., for the year ending Sept.

30, 1917.

[Drainage area, 500 square miles.]

Discharge in second-feet.

Run-off

(depth in

Month. Per inches on

Maximum. | Minjmum.| Mean. | sq drainage

mile. area)

OCtOber . o o 158 62 93. 4 0.187 0.22
1,400 141 334 .668 .75
249 30 79.7 <159 .18
65 25 36.0 072 .08
70 35 49.3 095 .10
3,440 40 410 .820 .95
3,710 482 1,560 3.12 3.48
1,570 141 385 770 .89
2,450 107 431 . 862 .9
179 40 102 204 .24
141 40 77.8 156 .18
179 40 63.5 127 .14
The Fear. - cueeeeceeaenaenencaaanaennnns 3,710 25 301 .602 8.17

RED CEDAR RIVER NEAR COLFAX, WIS.

LocarroN.—In sec. 27, T. 30 N., R. 11 W., at highway bridge about 4} miles north
of Colfax, Dunn County. Hay River enters from right about 11 miles below, and
Trout Creek, also from right, 3} miles above station.
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DrANAGE AREA.—1,100 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1 inch=6 miles).

Recorps avamasLe.—March 10, 1914, to September 30, 1917.

GaeE.—Chain gage attached to downstream side of bridge; read by Andrew
Lundeguam,

DiscnareE MEASUREMENTS.—Made from downstream side of bridge to which gage is
attached. ’

CEANNEL AND coNTROL.—Bed composed of rock and gravel; small amount of grass
growth during summer months; left bank high and not subject to overflow; right
bank medium high and may be overflowed during extremely high water; control
not well defined.

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.94 feet at 10
a. m. April 3 (discharge 4,380 second-feet); minimum discharge recorded, 435
second-feet March 12,

1914-1917: Maximum stage recorded, 6.8 feet at 1 p. m., March 31, 1916 (dis-
charge 6,990 second-feet); minimum stage recorded 0.80 foot November 19, 1914
(discharge about 385 second-feet), apparently caused by temporary holding back
of the water by ice.

REeeULATION.!—The following dams and reservoirs are used to regulate the fiow in the
Red Cedar River. Owing to operation of these reservoirs the flow at the station
is not natural.

Reservoirs used to regulate flow of Red Cedar River.

Approximate
Dam. Location. (I(fﬁ’?'mty
cubic feet).

1,000
965
1,174
280
998

4,417

Accuracy.—Stage-discharge relation nearly permanent, except as affected by ice and
possibly by grass from June to September. One curve, well defined between
653 and 4,450 second-feet, was used during the year; curve extended and roughly
approximate outside these limits. Gage read to quarter tenths twice daily.
Daily discharge ascertained by applying mean daily gage height to rating table
except for period in which stage-discharge relation was affected by ice, for which
it was ascertained by applying to rating table mean daily gage height corrected
for effect of ice by means of discharge measurements, observer’s notes and weather
records. Open-water records good; winter records fair.

Discharge measurements of Red Cedar River near Colfax, Wis., during the year ending

Sept. 80, 1917,
pue. | watomy— || Do | opue | waeny— e | D
Feet, | Sec.-ft. . Feet. | Secft,
Oct. 23| R. B. Kilgore.......... 2.00| 1,000 |{ Mar. 20¢] R. B. Kilgore. ......... 3.04 818
Jan. 1le] Williams and Kilgore..| 3.03 808 || May 18 |..... [ () SR, 1.70 803
Feb. 194 R. B, Kilgore.......... 2.48 478 || Aug. 11 |..... Lo Lo SR 1,31 575

1t From data on file in Engineering Dept. of Railroad Commission of Wisconsin.
a Ice at control.
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Daily discharge, in second-feet, of Red Cedar River near Colfax, Wis., for the year ending

Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
785 585 610f 460(3,000] 1,120 1,040 610 585 560
890| 610| 605 445 | 3,640 1 210| "820| 585 560 535
750 636 600 445 | 4,310 960 750 535 535 512
635 635 600 | 445]4,030| 8201 1,210| 585 585 535
690] 660| 620 450/ 3,380 785 11,040 | 560 | 535 560
6901 690 | 645 460 | 2,830 | 690 820| 62| 512 560
690 690 630 470 | 2,640 635 | 1,120 662 635 560
690 720 610 475 | 2,640 720 960 662 690 560
635 750 | 680| 6510]2,530| 690 7501 635 635 560
470 820 555 540 | 2,200 690 925 635 585 490
4701 810| 565 490 | 2,090 | 635 785 690 | 560 535
470 575 435 | 2,090 690 | 1,000 785 536 585
450 780 510 470 | 1,980 662 960 610 535 635
450 715 440 510 | 1,580 690 855 585 535 585

460 520)1,390| 820| 785| b685) 535 560

450 650 | 475 530 | 1,210 785 690 610] 512 535
450 6451 505| 5551 1,210 750 690( 5351 535 512
450 660 535 580 | 1,210 785 585 585 535 535
6701 520] 600]1,210| 690 662 535 512 512

40| 650| 510 620(1,80| 750| 690| 635F 512 512
470 635| 505| 665[1,680( 690| 690| 635 535 490
470 630 500 750 11,1201 690 662| 610| 535 490
470 630 505 820 ] 1,120 662 635 585 535 490
470 510 890 | 1,040 635 635 585 585 470
490 960| 635| 690| 58| 560 535
490 80| 535| 635 58] 535 490
510 820 535 610 | 585 490 490
535 8201 535| 636| 560} 560 490
535 890 535 635 512 535 470
560 1,040 662 690 512 512 470
585 | 610f.......] 1,980 |....._. 1,000 |.-..... 535 535 [eeeenen

Norte.—Stage-discharge relation affected by ice Dec. 11 to Apr. 2.

Monthly discharge of Red Cedar River near Colfax, Wis., for the year ending Sept. 30, 1917.

[Drainage area, 1,100 square miles.]

Discharge in second-feet. Run-off

(depth in

Month. Por es on

5 ainage

Maximum. | Minimum.| Mean. sx%lillsél:e area).

October...caveceenene et eeanaan, 1,040 585 773 0.81
NOVOMDer. ¢t eae e iee i aie e aiiaaaaae 890 560 705 .641 .72
DeCOMbDEr . v vuenecacacnananaacasaranrannannannn 890 450 550 .500 .58
JANUATY . s ceecasncsncnasacnserocssenanacasanenn 820 565 675 .614 .71
FODIUALY . oanaeecacarenanaearuanineecnsnanna 645 440 537 .488 .51
e ————————e 1,980 435 696 .633 .73
P:§ ¢+ | TP 4,310 820 1,920 L7 1.95
22 Y 1,210 536 732 . 6 77
L 1,210 585 788 .16 .80
Ju]y................. .......................... 785 512 599 . 545 .63
AUGUSE, ceaeemaeaii i e 690 490 561 .501 .58
BOptemIbOr. e aeceereeeeie e 635 470 527 479 .53
The year. . - cceeueecereaiccreacnaeaas . 4,310 435 753 .685 9,32
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RED CEDAR RIVER AT CEDAR FALLS, WIS.

LocaTion.—In sec. 6, T. 28 N., R. 12 W., at highway bridge near Cedar Falls, Dunn
County, 4} miles above crossing of Chicago, St. Paul, Minneapolis -& Omahs
Railway. '

Dramace AREA.—Not measured.

REeCORDS AvarmLaBLE.—April 1, 1909, to September 30, 1917.

Gage.—Staff fastened to bridge pier; read by John G. Wood.

DiscrarGE MEASUREMENTS.—No discharge measurements made at thisstation, which
is maintained to determine fluctuation in stage.

CHANNEL AND coNTROL.—Channel rough and rocky, straight, and free from vegeta-
tion; banks high and not subject to overflow.

EXTREMES OF STAGE.—Maximum stage recorded during year, 5.9 feet April 3and 4;
minimum stage, 0.0 foot, 5 p. m. March 11.

1909-1917: Maximum stage recorded, 6.1 feet April 1-3, 1916; minimum stage
recorded 0.0 foot at 5 p. m. March 11, 1917. Minimum stages are caused by clos-
ing gates and wheels in dam above station.

Reguration.—The operation of storage reservoirs in the headwaters of the river
(see ‘“‘Regulation” in station description for Red Cedar River at Colfax, Wis.),
together with storage at the power plant above the gaging station, modify the
flow.

Acouraoy.—Gage read twice daily to half-tenths. No measurements have been
made, but stage-discharge relation believed permanent. Considerable diurnal
fluctuation is observed, so that mean daily gage height does not represent the
average stage. '

CooPERATION.—Gage-height record furnished by Wisconsin & Minnesota Light &
Power Co.

Daily gage height, in feet, of Red Cedar River at Cedar Falls, Wis., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June, | July. [ Aug. | Sept.
2.75 | 3.0 2.42| 2.5 2.5 5.05) 8.3 | 3.1 2.4 2.25 2.45
2.58 | 2.72] 3.0 2.5 2.5 5.65| 8.251 3.72| 2.5 2.3 2.1
2.58 | 1.6 3.0 2.5 2.4 | 5.85| 3.15| 3.92| 2.38} 2.2 1.55
2.58 ( 3.08( 2.9 1.451 1.4 5.9 | 2.8{ 3.32{ 2.3 2.3 2.6
1.721 3.0 2.75| 2.85| 2.5 5.6 2.7 3.3 2.45| 2.0 2.5
2.62| 3.0 2.68| 2.55| 2.5 505 2.5 3.4 2.42| 2.3 2.55
2.62( 3.0 1.5 3.0 2.45| 4.65| 2.95( 3.32| 2.4 2.35 2.68
2.981 2.72] 2.95) 2.8 2.3 4.55| 2.76) 3.28) 2.6 2.4 2.5
3.02| 2.72) 3.0 2.8 |, 1.85| 4.65| 2.4 3.55| 2.7 2.35 1.6
3.08| 1.6 2.9 2.85| 2.5 4.35| 2.25} 3.15] 2.55[ 2.3 2.45
3.02| 2.72} 3.0 1.5 1.2 4.15| 2.4 3.42| 2.6 2.25 2.5
©2.38| 2.72| 8.0 2.5 2.5 4.15| 2.3 3.3 2.45| 1.9 2.5
298| 2.72f 275 | 2.7 2.5 4.1 2.15| 3.35| 2.4 2.5 2.55
2.58 | 2.72| 1.65| 2.5 2.5 3.95 | 2.4 3.55| 2.45| 2.55 2.65
2.587 2.68) 2.8 2.4 2.3 3.45) 2.4 3.4 2.3 2.5 2.6
5 2.781 2.62| 3.1 2.4 2.5 3.55| 2.75| 3.1 2.65 | 2.55 2.35
. 7 2.72( 155 3.0 2.1 1.9 3.35| 2.68] 2.3 2.75| 2.5 2.5
. 2,72 2.62| 2.9 1.4 1.4 3.4 2.6 2.25| 2.45| 2.55 2.55
5 1.82 | 2.68| 2.8 2.7 1.451 3.48| 2.5 2.35| 2.35| 2.0 2.45
2.7 2.78 | 2.68| 2.8 3.0 2.7 3.55 | 2.3 2.3 2.4 2.45 2.45
2,52 2.78| 2.62} 1.55] 2.45) 2.8 3.45 | 2.4 2,45 2.4 2.3 2.6
1.8 2.72] 2.62) 3.0 2.5 2.4 3.151 2.6 2.4 2.0 2.3 2.55
2751 2.721 2.68( 3.0 2,5 2.5 3.55 | 2.52| 2.2 2.2 2.35 2.0
295 27921 1.52| 2.5 2.5 2.6 | 3.25( 2.52| 1.9 2.4 2.3 2.55
258 2.72§ 1.52} 2.8 1.4 1.4 3.3 2.25| 1.85| 2.56| 2.35 2.5
Beceanccnnnnn 2.58{ 1.6 | 3.0 2.9 2.5 3.05| 3.18| 1.98| 2.38| 2.4 2.0 2.55
b7 S, 3.0 2.8 2.9 2.8 2.6 3.35| 3.15| 1.8 | 2.65| 2.2 2.35 2.5
P T 2.681 2.72| 2.95] 1.4 2.4 3.6 2.75| 2.68| 2.6 2.3 2.45 2.45
! S 1.9 2.8 2.881 2.7 3.85| 2.68| 2.3 2.4 2.0 2.5 2.4
80.cecnacannnnn 2.7 1.6 | 2.95| 2.8 3.95] 3.25| 2.3 | 2.45| 2.25| 2.4 2.0
Bleceanaenannnnn 3.0 (.ee.... 2.05( 2.6 5.25(....... 2.68|....... 245 2.6 {.een...
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RED CEDAR RIVER AT MENOMONIE, WIS.

LocarioN.—In sec. 21, T. 28 N., R. 13 W., about 900 feet below power house of Wis-
congin & Minnesota Light & Power Co., Menominie, Dunn County, 13 miles
above the confluence of Red Cedar and Chippewsa rivers. Wilson Creek dis-
charges from right into service reservoir just above station.

DrAINAGE AREA.—1,810 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1 inch=6 miles).
RECORDS AvamABLE.—June 16, 1907, to September 5, 1908; May 9, 1913, to Sep-

tember 80, 1917.

GAGE.—Barrett & Lawrence water-stage recorder installed May 9, 1913, over a wooden
well on right bank of river about 1 mile above the site of old gage attached to a
highway bridge about 200 rods west of the Chicago & North Western Railway
station west of Menomonie, which was read from June 16, 1907, to September 5,
1908. No relation between datums of the two gages. Gage inspected by E.
Kasrud.

DiscEARGE MEASUREMENTS.—Made from highway bridge about 1 mile below the
gage.

CHANNEL AND coNTROL.—Bed at gage composed of heavy gravel; left bank high and
not subject to overflow; right bank of medium height will be overflowed at flood
stages; bed at measuring section sandy and liable to shift; both banks high at
meaguring section and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year about 6.3 feet
April 3 (discharge, 8,300 second-feet); minimum stage recorded 1.92 feet at 1
p. m. November 20 (discharge, 394 second-feet).

1907-8 and 1913-1917: Maximum discharge, 12,700 second-feet March 31 and
April 1, 1916; minimum discharge, 100 second-feet November 9, 1907.

REecuraTION.—Considerable diurnal fluctuation in stage at the gage section is caused
by the operation of the power plants of the Wisconsin & Minnesota Light & Power
Co. at Menomonie and Cedar Falls. (See ‘‘Regulation” in station description
for Red Cedar River at Colfax, Wis.)

Ior.—Stage-discharge relation not affected by ice.

Accuracy.—Stage-discharge relation changed during high water of April 1916, but
has been fairly permanent since. Ice does not affect the stage-discharge relation
at this station owing to relatively warm water coming from service reservoir,
Rating curve well defined between 610 and 1,910 second-feet, and bhetween
3,910 and 9,220 second-feet. Curve extended outside these limits and roughly
approximate only. ~Operation of water-stage recorder satisfactory except for
brief periods. Daily-discharge record October 1 to September 30 except for brief
periods obtained with discharge integrator. Records good except for periods
when gage was not in operation, for which they are only roughly approximate.

Discharge measurements of Red Cedar River at Menomonie, Wis., during the year ending
Sept. 30, 1917.

[Made by R. B. Kilgore.]

Gage Dis- G Dis-
Date. hei?ilt. charge. Date. heiagﬁ:. charge.
. Feet, Secft. Feet. Sec.-ft.
Feb. 2l oiiiiiiiiiannn... 2.52 ';364 PN o O 6.05 7',%50
PV 1) O 5.78 6,840 [| AUg, 8.uenmnimiiiiiiaiiiaans 2.7 1,000
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Daily discharge, in second-feet, of Red Cedar River at Menomonie, Wis., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. { June. [ July. { Aug. { Sept.
1,050 | 1,000 | 940| 850 (5,240 1,580 (1,450 | 80| 910| 1,210
1,310)1,280| 960| 800|6,900) 1,900,630 970 870
810 § 1,430 920 810 | 7,340 | 1,570 | 1,150 | 1,080 760 650
1,060 {1,400 | 750| 650 |7,640]1,600]| 1,870 | '8s0| s810| 780
1,280 | 1,050 680 | 6,880 | 1,260 | 1,670 930 710 | 1,040
1,201 880 980| 780|85,690(1,010]1,600]1,260] 600{ 1,140
1,300 | 660]1,180| 9104500 1,580 {1,810 {1,080 | 8s0| I,

1,040 ) 1,080 ] 1,370 4,160 11,420 | 1,480 940} 1,070 | 1,060

1,000 (1,240 | 1,170 | 760 | 4,560 | 1,120 | 1,370 | 1,450 | 1,140
770 | 1,200 | '970| 800 | 3,860 | 1,000 | 1,360 | 1,310 | 1,190 | 840
910 | 1,240 800 610 | 8,200 | 1,120 | 1,550 | 1,330 | 1,220 930
1,160 | 1,300 | 830| 770 |3,080 (1,100 |1,510| ‘950 | '780| 1,060
1,160 | 1,210 | 1,030 | 920 | 2,810 | 680 | 1,330 [ 1,190 | 900| 1,020

1,230 | '800] 9 200 | 2,880 | 1,070 | 1,330 | '960 | 950
1,120 880 930 800 | 2,110 | 1,240 | 1,220 890 950 890
710 {2,180 [ 1,160 [ 1,080 | 1,000 [ 940( s00

660 | 1,840 [ 1,280 | 1,820 | 1,140 | 990
480 | 1,800 (1,200 | 1,430 | 1,020,| 920| 1,110
680 | 1,710 | 1,100 | 17150 | "990 | 730 | 1,120

700 | 2160 | 760 | 1,210 | 1,020 | 940
21 890 § 2,240 | 1,140 | 1,140 950 880 870
22.. 930 | 1,480 1 1,230 | 1,040 880 980 890
23 1,200 | 1,020 | 1,200 | 1,200 [ 850 { 940| 630
2 1,250 | 1,600 | 1,080 | 770 | 1,020 | 1,120 | 740
2. . 1,070 | 2,140 | 1,020 | 740 | 1,300 [ '840| 970
2%.. 1,680 | 1,420 [ 1,000 | 780 [1,110| 760 | 1,010
27.. 1,950 | 1,590 640 780 | 1,080 800 990
28! 2760 {1,520 940 910 ‘940 | 80( 920
290 Zooo [ 1,010 | 1,130 | 920| s30| 90| 8%
30.. 13130 | 1,810 '740| 950 810|1,030| 660
31 4,830 |...-... 1,250 [..uen. . 780 | 1,000 |.......

Nom.—Recordingdgage not in operation Oct. 1-3; deferminations of discharge based on one gage reading
a dag, records of Red Cedar River at Cedar Falls, and interpolation. Discharge Nov. 29, 30, and Jan. 7
based on average gage height for less than 24 hours.

Monthly discharge of Red Cedar River at Menomonie, Wis., for the year ending Sept.
30, 1917.

[Dmin_age area, 1,810 square miles.]

Discharge in second-feet.
scharge t Run-oft
(depth in
Month. Per inches on
ge
Maximum. | Minimum. | Mean. s]%iuizs area).
1,350 600 999 0.552 0.64
1,380 700 1,050 . .85
1,390 610 1,030 569 .66
1,460 660 1,170 .646 .74
1,370 680 934 516 .
4,830 480 1,220 674 .
7,640 1,010 | 3,250 1.80 2.01
1,900 640 1,170 .646 .74
1,870 740 1,280 2707 .
1,450 780 1,030 .569 .66
1,220 600 912 .504 58
1,210 530 913 -504 +56
7,640 480 1,240 .685 9.35
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ZUMBRO RIVER AT ZUMBRO FALLS, MINN,

Locarion.—Near east border of sec. 31, T. 110 N., R. 14 W., at highway bridge at
Zumbro Falls, about 1,500 feet below mouth of Spring Creek, 64 miles below mouth
of South Branch.

DRAINAGE AREA.—1,120 square miles.

RECORDs AVAILABLE.—June 8, 1909, to September 30, 1917, when station was discon-
tinued.

GaeE—Chain attached to the upstream handrail of bridge near left end read by
A. H. Sugg.

DiscHARGE MEASUREMENTS.—Made from the bridge or by wading.

CHANNEL AND CONTROL.—Bed of stream is fine sand; shifts considerably; a slight riffle
a few hundred feet below gage acts as a partial control during low stages; right
bank is fairly low and is overflowed during high flood stages; left bank not subject
to overflow.

ExTrREMES OF DISCHARGE.—Maximum stage recorded during year 19.04 feet at 4.50
p.- m. March 25 (discharge, about 14,800 second-feet); flood peak was increased
somewhat by going out of dam at Mazeppa, about 6 miles upstream, during the
afternoon of March 25. Dam created a head of 22 feet and had a pond area of
about 150 acres. Minimum discharge estimated 150 second-feet January 13 to
February 15.

1907-1917: Maximum stage recorded March 25, 1917; minimum open-water
stage recorded, 4.50 feet at 8 a. m. January 10 and 21, 1914 (discharge, about 128
second-feet); 106 second-feet was measured by current meter January 27, 1915.

High-water of June, 1908, which reached a stage of 26.7 feet above datum of
present gage, is marked by a spike in a telephone post near the railroad station
at Zumbro Falls; high water of April, 1888, reached a stage of approximately 29.7
feet, as shown by a mark not so well defined as that of the flood of 1908.

Ice.—Stage-discharge relation not seriously affected by ice except during and after
extremely cold weather, when ice forms below the gage and causes backwater for
short periods. A short distance above the gage the river receives about 8 second
feet of spring water from Spring Creek, which is warm enough to keep it free from
ice for a considerable distance during most winter weather.

REecuLatioN.—The slight artificial regulation at the power plants above Zumbro Falls
is not observable at the gage.

Accuracy.—Stage-discharge relation not permanent; change occurred during high-
water of March. Rating curve used October 1 to March 22 and May 29 to Septem-
ber 30, poorly defined; curve used March 23 to May 28 poorly defined throughout.
Gage read to hundredths twice daily. Daily discharge ascertained by applying
mean daily gage height to rating table except during period when stage-discharge
relation was affected by ice, for which it was obtained by applying to rating table
mean daily gage height corrected for effect of ice by means of discharge measure-
ment, observer’s notes, and weather records. Open-water records good except
those for flood stages, which are subject to error; winter records fair.

Discharge measurements of Zumbro River at Zumbro Falls, Minn., during the period
Oct. 1, 1916, to Oct. 6, 1917.

Date. Made by— pontey | chasge | Date. Made by— nosess, | change.
1917, 1917, Feet. | Sec.-ft.
Jan, 1le June 8] 8. B. Soulé............. 9.05 2,080

Oct. 6| R. B. Kilgore.......... 5.24 235

Feb.. 20a
Mar. 28

a Ice at control section.
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Daily discharge, in second-feet, of Zumbro River near Zumbro Falls, Minn., for the year
ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
210 233 220 170 150 180 | 1,850 | 1,030 | 2,160 680 318 224
233 220 170 150 180 | 1,470 | 1,030 | 1,550 740 318 210

210 233 210 170 150 180 | 1,240 880 | 1,020 580 302 224
222 210 170 150 180 | 1,240 758 870 520 302 224

208 222 210 170 150 180 | 1,410 690 820 500 302 210
200| 233] 210 170| 150| 180|1,410] 622(1, 520| 335 210
202 245 210 160 150 191 § 1,240 555 | 1,370 600 406 210
202| 282 210| 160] 150| 195|1,030}) 510|2,220] es0| 80| 210
202 308 210 160 150 197 880 400 | 1,550 600 700 224
204 366 210 160 150 805 450 { 1,120 500 520 210
210 322 210 160 150 210 735 430 870 740 388 224
222 | .308 160 150 202 690 410 560 920 352 224
233 257 200 150 150 189 622 370 640 820 335 224
233 245 200 150 150 169 600 390 560 680 318 210
510 235 200 150 150 210 532 370 500 5801 302 210
510 235 190 150 160 222 555 350 443 540 318 210
206 235 190 443 500 286 196
206 235 190 406 462 286 210
222 220 190 424 270 224
233 220 190 424 270 270
222 220 190 406 318 462
222 220 190 406 302 443
222 220 190 388 236 352
233 220 180 481 270 302
257 220 180 443 254 270
257 220 180 388 224 254
257 220 180 352 224 352
257 220 180 352 224 318
257 220 180 318 224 286
245 220 170 302 210 270
245 [coeuead 170 318 224 |...o...

NoTE.—Stage-discharge relation affected by ice Nov. 14 to Mar. 6.

Monthly discharge of Zumbro River near Zumbro Falls, Minn., for the year ending Sept.

30, 1917.
[Drainage area, 1,120 square miles.}
Di i d-feet.
ischarge in second-fee Run-off
(depth in
Month. Per inches on
: . drainage
Maximum. | Minimum. | Mean. sguilaée ares).
200 242 0.216 0.25
220 243 «217 .24
170 196 .175 .20
150 156 .139 .16
150 158 141 .15
169 1,990 1.78 2.05
510 913 .815 .91
330 625 .558 .64
370 895 798 .89
302 521 .465 .54
210 329 . 204 .34
196 256 .229 .26
150 546 .488 6.63

96719°—19—wsp 455——7
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SOUTH BRANCH OF ZUMBRO RIVER NEAR ZUMBRO FALLS, MINN.

Location.—In sec. 22, T. 109 N., R. 14 W., at Woodville Bridge, 14 miles above
mouth of river, 6 miles below mouth of Middle Branch, and 6 miles southwest of
Zumbro Falls, Wabasha County.

DrAINAGE AREA.—821 square miles.

RECORDS AVAILABLE.—June 16, 1911, to September 30, 1917, when station was dis-
continued.

Gage.—Chain gage attached to the downstream handrail of bridge near center of
river; read by W. M. Whipple.

DISCHARGE MEASUREMENTS.—At high and medium stages made from downstream
side of the bridge; at low stages made by wading.

CHANNEL AND CONTROL.—Bed of stream consists chiefly of sand and gravel. Control
consists of cobble stones and rock at a well-defined riffle a short distance below
the gage; fairly permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 14.1 feet at 6 p. m.
March 23 (discharge, about 12,100 second-feet); minimum discharge estimated,
100 second-feet February 11-24,

1911-1917: Maximum stage recorded March 23, 1917; minimum stage recorded,
1.80 feet December 26, 1914 (discharge, 62 second-feet).

Ior.—Stage-discharge relation seriously affected by ice; flow estimated from discharge
measurements, observer's notes, and weather records

REGULATION. ———Effect,s of operation of small power plants above the station not
noticeable at gage.

Accuracy.—Stage-discharge relation fairly permanent except as affected by ice.
Rating curve fairly well defined. Gage read to quarter-tenths twice daily. Daily
discharge ascertained by applying mean daily gage height to rating table except
during period when stage-discharge relation was affected by ice, for which it was
agcertained by applying to rating table mean daily gage height corrected for
effect of ice, by means of discharge measurements, observer’s notes, and weather
records. Open-water records good except those for extreme flood stages, which
are subject to error; winter records fair.

Discharge measurements of South Branch of Zumbro River near Zumbro Falls, Minn.,
during the period Oct. 1, 1916, to Oct. 6, 1917.

Date. Made by— nork® | e, || Date. Made by— ke | charse.

1017 Feet, | Secfr. || 1917 Feet, | Sec.ft.
2.28 19 || June 9 [ 8. B. Soulé.....cevuun.. 4.46 1,510
2.22 102 {| Oct. 8] R. B. Kilgore.......... 2.05 163
6.70| 3,210

e Made through complete ice cover.
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Daily discharge, in second-feet, of South Branch of Zumbro River near Zumbro Falls,
Minn., for the year ending Sept. 30, 1917,

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
Loveeeeennns | 1ol ws] 10| 125) mol wmol1,40| em|2s30| seal 20| 1
Zeeiiectanaan. 154 140 145 125 110 110 973 678 | 1,480 504 256 170

148 150 142 125 110 110 882 650 412 488 2471 - 166
158 150 142 125 110 110 852 540 735 388 230 170
154 150 145 125 110 110 { 1,097 514 678 364 243 170

145 148 140 125 110 140 973 488 912 437 273 166
140 154 142 125 110 273 793 462 | 2,130 462 341 173
150 150 142 125 110 gg 735 437 %, 438 437 852 173

|-

142 300 132 120 110 622 338 | 1,3 462 622 170
142 232 125 120 110 230 488 341 9 388 388 166
135 222 125 120 100 189 462 314 706 622 314 162
142 210 125 115 100 189 488 296 650 314 162
145 137 125 110 100 145 462 269 708 278 162
150 158 125 110 100 120 412 412 252 162

148 158 125 110 100 | 1,950 | 1,040 567 304 234 359
142 150 125 110 100 | 4,520 764 622 388 206 218 300
150 150 125 110 100 | 7, 594 514 488 341 201

181 154 125 110 110 | 7,720 540 437 678 33 189 226
177 166 125 110 110 | 5,320 622 412 | 1,480 300 185

181 154 125 110 110 | 8,720 594 488 | 1, 278 189 412
177 145 125 110 110 | 2,710 540 706 264 193 252
166 145 125 110 |....... 2,060 488 488 882 243 181 226
154 142 125 110 f....... 1,620 622 622 708 239 177 210
162 {....... 125 10 foaena.s ,620 0oL, 1,760 |....... 247 1B ... .

NoTE.—Stage-discharge relation affected by ice Dec. 10 to Mar. 6.

Monthly discharge of South Branch of Zumbro River near Zumbro Falls, Minn., for the
year ending Sept. 30, 1917.

[Drainage area, 821 square miles.]

Discharge in second-feet. Run-off
(dggth in
Month. . Per inches on
Maximum. | Minimum. | Mean. | square | drainage
mile. area).
181 135 152 0.185 0.21
140 166 202 .23
150 125 130 158 .18
125 110 115 140 .16
110 100 1 128 .13
7,720 110 1,350 1.64 1.
1, 346 .788 .88
1,760 264 484 590
2, 309 812 -989 1.10
973 239 413 B .
852 173 273 .333 .38
162 232 .283 .32
7,720 100 408 .497 6.74

TREMPEALEATU RIVER AT DODGE, WIS,

LocatioN.—In sec. 11, T. 19 N, R. 10 W, at highway bridge in Dodge, Trempealeau
County, 9 miles above mouth of river. '

DeamNage AREA.—633 square miles (measured on map issued by Wisconsin Geologi-

cal and Natural History Survey, edition of 1911; scale, 1 inch==6 miles).

RECORDS AVAILABLE.—December 13, 1913, to September 30, 1917.

Gagr.—Chain gage attached to downstream side of bridge; read by J. Johnson and
F. E. Shappee.

DISCHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

CHANNEL AND CcONTROL.—Sand; likely toshift. Banks of medium height and may be
overflowed during extreme floods. '
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EXTREMES OF DISCHARGE.—Maximum discharge 1,640 second-feet, March 30 and 31,

minimum discharge about 120 second-feet, January 21-23.
1914-1917: Maximum stage recorded, 8.35 feet, June 9, 1914 (discharge, 3,340
second-feet); minimum discharge, January 21-23, 1917,

Ice.—Stage-dischargse relation seriously affected by ice.
RecuraTiON.—No power plants above station have sufficient capacity to affect the

natural flow of the river.

Accuracy.—Stage-discharge relation not permanent. Two rating curves used as

follows: October 1 to March 31, fairly well defined between 196 and 1,800 second-
feet; April 1 to September 30, well defined between 191 and 1,800 second-feet,
and fairly well defined between 1,800 and 3,080 second-feet. (age read to quar-
ter-tenths twice daily. Daily discharge ascertained by applying mean daily
gage height to rating table, except for period when stage-discharge relation was
affected by ice, for which it was obtained by applying to rating table mean daily
gage height corrected for effect of ice by means of discharge measurements,
observer’s notes, and weather records. Open-water records good, except at
extreme flood stages, for which they are fair; winter records fair.

Discharge measurements of Trempealeaw River at Dodge, Wis., during the year ending

Sept. 80, 1917.

G i :
Date. Made by— h&%‘gﬁ' chlztge. Date. Made by— hgiagﬁ. clg;'sg.e.
Feet. | Sec.-ft. Feet. .S’ec.ﬁé

Jan. 3e¢f E, L, Williams......... 2.59 153 || Mar. 23¢ R, B. Kilgore..-.....-. 5.35
Feb. 12¢ R. B, Kilgore.......... 3.16 210 {| June 6 |-..-. (s [ R 2.37 388

a Complete ice cover.

Daily discharge, in second-feet, of Trempealeaw River at Dodge, Wis., for the year ending

Sept. 80, 1917.

ST GO N

Day. Oct. | Nov. | Dec. Ja.t;, Feb. | Mar. | Apr. | May. | June. | July. Aug. | Sept.
296 348 322 145 190 225 | 1,600 721 383 358 248 181
2710 296 322 145 210 220 | 1,600 721 383 358 236 171
270 309 322 155 235 220 | 1,600 642 358 333 236 162
270 309 296 165 235 220 | 1,390 564 358 333 213 202
257 296 309 160 235 220 | 1,090 459 383 383 260 162

322 160 220 230 955 459 408 459 260 153
322 160 245 903 433 590 383 284 171
309 165 210 799 433 537 358 308 171
270 170 215 270 721 408 511 358 308 181
255 175 215 669 383 433 408 260 153
245 170 215 300 669 383 383 485 236 181

230 170 210 310 616 383 358 459 248 171
220 170 210 320 616 358 333 358 260 191
210 165 210 330 564 333 308 g?)g 236 191

175 165 215 330 511 308 284 224 181
155 160 220 320 511 308 284 260 213 162
145 160 220 335 511 296 260 48 181 171
135 160 220 355 669 408 260 236 181

125 155 220 375 825 408 260 26 181 284
120 155 225 400 877 459 260 236 171 236
120 155 230 445 799 590 248 260 191 236
120 155 240 645 695 564 383 296 181 236
125 160 235 850 616 408 564 284 181 191
125 160 230 | 1,090 616 358 590 284 181 191
125 160 225 | 1,360 616 358 642 260 181 236
125 180 220 | 1,470 358 485 236 181 284
135 195 220 | 1,550 537 433 213 181 260
135 -eu --f 1,500 642 358 408 202 181 248
135 210 |--..---| 1,640 669 383 358 171 213
135 200 [--...-- 1,640 |....... 408 |--uv--- 181 ) 4 I (R

' Note.—Stage-discharge relation affected by ice Dec. 10 to Mar. 31.

\
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Monthly discharge of Trempealeau River at Dodge, Wis., for the year ending Sept. 30,
1917, '

[Drainage area, 633 square miles.) -

Discharge in second-feet. Run-off
(depth in
Month. Per inches on
Maximum. | Minimum. | Mean. | square | drainage
mile. area).
L0171 o) N 400 244 296 0.468 0.54
618 296 426 .673 .75
322 120 203 321 .37
210 145 167 264 .30
240 190 219 346 .36
1,640 220 592 935 1.08
1600 511 800 1.26 1.41
721 296 430 679 .78
642 248 392 619 .69
485 181 309 .56
308 171 219 346 40
284 153 198 313 .35
The Fear. oo i 1,640 120 354 559 7.59

BLACK RIVER AT NEILLSVILLE, WIS.

Locarion.—Insec. 15, T. 24 N, R. 2 W., at lower highway bridge in Neillsville, Clark
County. O’Neil Creek enters from left about a mile above gage and Cunningham
Creek, also from left, about 1} miles below.

DRAINAGE AREA.—74 square miles (measured on map issued by Wisconsin Geological
and Natural History Survey, edition of 1911; scale, 1 inch="46 miles).

REcorDS AVAILABLE.—April 7, 1905, to March 31, 1909; December 11, 1913, to Sep-
tember 30, 1917.

Gace.—Chain gage fastened to downstream side of highway bridge; read by A. Bissell.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading in
vicinity of bridge.

CHANNEL AND coNTrOL.—Bed composed of heavy gravel and rock; control at head
of rapids, a few hundred feet below gage; banks high and rocky; water will not
overflow the banks at the gage section.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 10.35 feet at 8
a. m. April 4 (discharge, 7,200 second-feet); minimum discharge estimated, 25
second-feet December 25-31. Owing to diurnal fluctuations at such low stages
it is likely that the absolute minimum was somewhat less.

1905-1909 and 1913-1917: Maximum stage recorded, 19.8 feet June 6, 1905
(discharge, about 29,400 second-feet). Itis probable that the maximum discharge
which occurred October 6, 1911, exceeded 29,000 second-feet, although data are
ot available regarding the stage at the gage section during this flood. Minimum
stage recorded during open-water periods, 2.4 feet October 9, 1905 (discharge,
about 20 second-feet).

RecunatioNn.—Several dams on Black River and tributaries upstream from Neills-
ville are used to create a head for developing power. The operation of these
plants causes a diurnal fluctuation at the gage, especially during the winter,
when the flow is at & minimum.

Accuracy.—Stage-discharge relation practically permanent except as affected by ice.
Rating curve well defined from 48 to 14,300 second-feet; fairly well defined obelow
48 second-feet and extended above 14,300 second-feet. Gage read to quarter-’
tenths twice daily. Daily discharge ascertained by applying mean daily gage
height to rating table except for periods in which stage-discharge relation was
affected by ice, for which it was obtained by applying to rating table gage height
corrected for effect of ice by means of discharge measurements, observer's notes,
and weather records. Open-water records good, except for extremely low stages,
foz which they-are fair; winter records poor.
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Discharge measurements of Black River at Neillsville, Wis., during the year ending Sept.

30, 1917.
Date. Made by— h(e}iz ‘;‘ ch’;i'sg-e. Date. Made by— h(giaéiet. ch.?arl;e.
Feet. | Secft. Feet. | Sec.-ft.
Jan. 2¢| E. L. Williams......... 2.70 27 {| Mar. 156 R. B. Kilgore.......... 3.79 51
Feb. 10s| R.B. Kilgore.......... 3.30 34 || June 8 |..... L 1 7.60 3,190

a Completeice cover.

Daily discharge, in second-feet, of Black River at Neillsville, Wis., for the year ending Sept.

380, 1917.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
315 374 181 [y 40 | 4,850 | 3,360 260 165 54 42
260 | 438 | 187 40 | 5,160 | 2,960 | 334 | 104 59 41
192 46| 173 40 | 5,800 | 2,260 | 354 20 47 42
1 46| 170 40 [ 6,940 [ 1,640 | 315 84 43 40
122 585 157 5,800 { 1,220 610 86 40 42
108 510 145 40 | 5,640 950 | 1,080 102 45 43
102 416 130 50 | 5,160 770 | 2,960 84 63 43
97| 80| 120 35 50 | 4,290 3, 63 94 43
97 | 2,860 100 3,680 535 | 2,460 47 b1 43
2,660 90 50 | 3,060 | 460 | 1,640 49 12 54
84 | 1,800 85 50 | 2,860 | 416 [ 1,150 68| 110 47
87 11,290 70 50 | 2,960 334 770 86 92 46
108 890 65 2,760 296 585 416 47
104 485 60 50 | 2,260 260 395 104 170 59
116 | 395 50 50 [ 1,720 241 | 278 69 53
12| a8| 4ol 304 501,200 184| 225| s8] 0 59
112 | 438 40 60| 1,08 | 198! 181 56 54 47
110 | 296 35 601,000 184 157 60 47 63
104 296 35 70 | 1,800 125 57 47 64
118 260 30 I 70 | 2,460 210 120 56 44 un
134 228 30 4,290 260 110 48 43 64
104 [ 198 30 40| 100 | 4,030 | 374 97 81 46 57
100 185 30 145 | 2,860 395 104 187 52 47
185 30 230 | 2,160 354 120 173 59 43
142 170 25 415 | 1,640 260 134 142 50 48
122 170 25 1,500 231 122 102 58 50
296 | 170 25 2,070 | 2,070 | 198 83 78 43 47
334 | 170 25 3,060 | 2,070 | 173 | 120 58 42 50
315 176 250 leeeen-- 3, 2, 560 154 120 53 40 108
315 | 192 250 |eea..- 4,290 | 3,160 | 154 | 134 52 39 97
355 |ceuennn 251 |l 4,560 |...... 204 |....... 48 41 |ooee...

Note.—Stage discharge relation affected by ice Nov. 23-28, and Dec. 6 to Apr. 1. Braced figures show

mean discharge for period included.

Monthly discharge of Black River at Neillsville, Wis., for the year ending Sept. 30, 1917.
[Drainage area, 774 square miles.]

Discharge in second-feet. Run-off
(depth in
Month. Ber m on
Maximum. | Minimum. | Mean. | square 28
e, area).
355 159 0.205 0.24
2,860 170 600 775 .86
187 25 72.8 .094 11
30 30.0 .039 .04
40 35 37.3 .048 .05
4,560 40 655 .846 .98
6,940 1,010 | 3,230 4.17 4.65
3,360 154 648 .837 .96
3,260 83 613 792 .88
187 47 83.8 .108 .12
416 89 75.0 .007 .11
108 40 53.8 .060 .08
6,940 25 519 .67 9.08
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LA CROSSE RIVER NEAR WEST SALEM, WIS.

LocaTtioN.—In sec. 32, T. 17 N., R. 6 W., La Crosse County, at Highway bridge 2
miles west of West Salem and 10 miles above mouth of river. Dutch Creek enters
from right 6 miles above station.

DRAINAGE AREA.—412 square miles (measured on map issued by Wisconsin Geological
& Natural History Survey, edition of 1911; scale, 1 inch==6 miles).

REcorps AvamasLE.—December 22, 1913, to September 30, 1917.

DisCHARGE MEASUREMENTS.—Made from upstream side of bridge at medium and
high stages; at low stages made by wading.

CHANNEL AND coNTROL.—Bed heavy gravel and rock. Right bank high and not
subject to overflow; left bank above the gage low, and subject to overflow at flood
stages. Channel free from vegetation; control for low stages a rocky riffle with a
fall of about 6 inches. Control is apparently drowned out at a stage of about 2.2
feet on the gage as shown by a reversal in the rating curve.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 7.4 feet, at 5 p. m.
March 24 (discharge, about 2,850 second-feet); minimum discharge, 130 second-
feet, January 14. )

1913-1917: Maximum stage recorded March 24, 1917; minimum discharge, 130
second-feet, November 17, 1914, and January 14, 1917.

Tce.—Stage-discharge relation seriously affected by ice.

ReguraTiON.—Diurnal fluctuation at low stages amounting to 0.10 to 0.40 foot, is
caused by the operation of power plants, especially the Neshonock dam a few
miles above station.

Accuracy.—Stage-discharge relation permanent, except as affected by ice. Rating
curve well defined between 212 and 2,300 second-feet. Gage read to quarter tenths
twice daily. Daily discharge ascertained by applying mean daily gage height to
rating table except for periods in which stage-discharge relation was affected by
ice, for which it was obtained by applying to rating table mean daily gage height
corrected for effect of ice by means of discharge measurements, observer’s notes,
and weather records. Open-water records good, except for low stages, for which
they are fair; winter records fair.

Discharge measurements of La Crosse River near West Salem, Wis., during the year ending
Sept. 30, 1917.

Date. Made by— h?.lagi%. ch]z\.irsg-e. Date. Made by— hm ch];i'z.e.
Feet. | Sec.-ft. Feet. | Sec.-ft.

Jan. 4e¢| E. L, Williams......... 1.90 211 || Mar. 24 | R. B, Kilgore.......... 5.98 2,000
Feb. 13¢| F. B, Kilgore.......... 2,47 214 || May 175 E, L, Williams......... 1.56 309

a Ice at control. b Made from the bridge; very poor measuring section at this stage.
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Daily discharge, in second-feet, of La Crosse River near West Salem,
ending Sept. 30, 1917.

Wis., for the year

Day. Oct. | Nov. | Dec. | Jan. | Feb, [ Mar. | Apr. | May. | June, | July. | Aug. | Sept.
308 308 288 200 240 175 461 638 328 371 328 244
288 288 288 200 220 185 438 658 328 416 573 241
288 288 248 195 205 185 416 638 350 416 862 241
288 288 288 210 145 165 394 484 4168 328 461 234
244 248 268 195 205 205 394 416 394 288 371 248
248 288 268 205 185 210 371 350 438 328 350 268
234 268 268 160 165 185 288 371 616 328 328 268
212 328 268 195 200 225 268 328 749 308 350 288
248 328 268 190 200 250 308 328 749 328 371 288
241 350 255 185 185 250 328 328 654 288 328 288
248 328 248 180 170 250 308 308 560 308 308 268
248 308 248 180 200 330 288 308 466 328 328 248
248 328 240 170 190 340 288 288 371 288 416 230
288 350 230 130 175 365 288 288 371 288 416 268
248 308 210 170 250 355 248 288 328 248 371 288
288 308 205 160 235 335 288 288 328 288 328 234
248 37 200 175 200 330 268 288 288 268 308 248
241 394 195 160 165 280 528 288 308 268 308 248
234 328 195 165 225 300 | 2,060 328 288 248 268 288
268 308 185 155 225 270 | 1,600 350 288 248 288 308
288 288 185 145 230 330 | 1,000 394 288 248 268 328
308 288 180 175 205 695 715 438 288 551 268 288
328 288 180 160 195 | 1,910 638 461 371 11,150 248 248
308 288 180 175 195 | 2,480 461 394 416 | 1,230 268 268
328 270 180 175 165 | 1,510 438 350 461 835 268 248
350 248 185 185 220 | 1,090 461 328 484 506 244 248
371 328 185 195 210 916 461 371 438 371 248 268
3N 288 185 165 200 715 416 416 394 328 244 234
328 288 185 220 .. ..... 595 438 371 416 308 248 234
328 288 195 215 |....... 508 551 328 438 308 241 219
328 [cvunnnn 195 215 [Leneens 461 |....... 328 |.eunnen 288 244 f.......

Note.—Stage-discharge relation affected by ice Nov. 25, Dec. 10and Dec.13to Mar.24. Gagenotread

June 10-12; discharge interpolated.

Monthly discharge of La Crosse River near West Salem, Wis., for the year ending Sept. 30,

1917.
[Drainage area, 412 square miles.]
i -feet.
\ Discharge in second-feet Run-off
(depth in
Month. Per 13 on
Maximum. | Minimum. | Mean. s]%t}ls:e area).
37 212 284 0. 689 0,79
394 248 306 . .83
288 180 223 .541 .62
220 130 181 .439 .51
250 145 200 .485 .50
2,480 165 529 1,28 1.48
2,060 248 514 125 1.40
658 288 379 . 920 1.06
749 288 420 1.02 1.14
1,230 248 397 . 964 L1
862 241 337 .818 .94
328 219 261 .633 .71
2,480 130 336 .816 11.09
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ROOT RIVER NEAR HOUSTON, MINN.

Location.—In sec. 84, T. 104 N., R. 6 W., at highway bridge 1 mile east of Houston,
Houston County, 1 mile above mouth of South Root River.

DRAINAGE AREA.—1,560 square miles.

RECORDS AVAILABLE.—May 28, 1909, to Sept. 30, 1917, when station was discontinued.

Gage.—Vertical staff bolted to the downstream side of the stone abutment, right end
of bridge, read by Olaf Larson. Prior to June 28, 1913, gage.was attached to
piling just above the right abutment. The datum of the present gage was changed
slightly on date of installation to allow for slight slope in river between the two
points.

DiscEARGE MEASUREMENTS.—Made from the downstream side of bridge.

CHANNEL AND cONTROL.—No well-defined control. Bed of stream is silt and fine
sand that scours during floods and gradually fills in afterwards. Banks subject to
overflow at stage of about 8.5 feet, the overflow at the gage attaining at times a
width of about 5,000 feet. Floods on the South Root, which enters the main Root
about a mile below station, at times produce considerable backwater at the gage.

ExTREMES OF DISCHARGE.—Maximum stage recorded during year, about 11.95 feet
March 24 (discharge estimated, because of ice, about 17,000 second-feet); mini-
mum discharge estimated during period river was frozen over was 280 second-feet
Feb. 12 to 22, 24 and March 4.

1909-1917: Maximum stage recorded March 24, 1917; minimum stage recorded
during open water period, 0.80 foot July 17, 1911 (discharge 267 second-feet); a
discharge of 231 second-feet was measured by current meter on January 23, 1914,

Ice.—Stage-discharge relation seriously affected by ice.

RecuraTioN.—Nearest dam above station is at Rushford. As the flow is ample at all
times for the power generated at that point, it is not held back during certain parts
of the day, and the dam hag no influence on the flow at Houston.

Accuracy.—Stage-discharge relation not permanent; change occurred in control sec-
tion between June and September.” Rating curve used October 1 to June 30 well
defined between 500 and 10,500 second-feet. Daily discharge July 1 to Sept. 30
determined by shifting-control method. Daily discharges during remainder of
period obtained by applying mean daily gage height to rating table except during
period when stage-discharge relation was affected by ice, for which it was ascer-
tained by applying to rating table mean daily gage height corrected for effect of
ice by means of discharge measurements, observer’s notes, and weather records.
Records fair except those for winter, which are subject to error.

Discharge measurements of Root River near Houston, Minn., during the year ending Sept.

80, 1917.
Date. Made by— h(é}iﬁﬁz. chlzgtgg-e. Date. Made by— hGeriz t. ch];riZe.
Feet. | Sec-ft. Feet. Sec.-{:t.
Jan, 19¢/ R. B, Xilgore.......... 2.82 320 || Apr. 28 | 8. B, Soulé............. 2.63 59
Feb. 21e| 8. B. Soulé... o 312 282 || June 12 do ..l 8.7 1,170
Mar, 28 {..... do....... 5.44 2,090 || Sept. 27 2.08 416

@ Made through complete ice cover,
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Daily discharge, in second-feet, of Root River near Houston, Minn., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. { June. | July. { Aug. | Sept.
602 407
602 437
5687 379
602 407
602 407
567 407
567 437
567 500
602 533
567 468
567 437
567 437
567 437
533 468
533 437
533 407
500 407
500 437
500 437
500 500
468 468
468 468
533 437
468 407
437 437
468 437
468 407
437 407
437 437
437 437
437 |..... .-

NorTe.—Stage-discharge relation affected by ice Dee. 1 to Mar, 25.

Monthly discharge of Root River near Houston, Minn., for the year ending Sept. 30, 1917.

[Drainage aresa, 1,560 square miles.}

Discharge in second-feet.
g Run-off

depth in

Month. Per es on

Maximum. | Minimum. | Mean. s)@lq;}ia;e dl;g;afe
533 407 459 0.204 0.34
638 437 520 .333 .37
503 340 395 . 253 .29
335 305 318 .204 .24
310 280 289 .185 .19
15,000 280 1,580 1,01 1.16
1,370 638 897 .575 .64
1,020 533 696 .446 .51
7,530 757 2,020 1.20 1.4
2,230 602 1,110 L712 .82
602 437 523 <335 .39
533 379 438 . 281 .31
15,000 280 773 496 6.70
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NORTH BRANCH OF ROOT RIVER NEAR LANESBORO, MINN.

Location.—Insec. 6, T. 103 N., R. 9 W., at first highway bridge 1 mile above junction
of North and South branches, 3 miles north of Lanesboro, Fillmore County, and
about b miles below mouth of a small creek that enters from the west.

DRAINAGE AREA.—647 square miles.

REcorps AvammaBLE.—March 9, 1910, to September 30, 1914; and July 16, 1915, to
September 30, 1917, when station was discontinued.

GacE.—Chain gage on floor of bridge, downstream side, near right bank; read by Olaf
Waage.

DISCHARGE MEASUREMENTS.—Made from the downstream side of the bridge, from the
railroad bridge just above the junction with the South branch (at flood stages) or
by wading just above the gage.

CHANNEL AND coNTROL.—Bed composed of sand and light gravel. A few hundred
feet below the gage the channel is narrowed by a low island and there is a slight
riffle that constitutes a control at low stages and is practically permanent. As
there is more than 10 feet fall between the station and the mouth of the South
Branch backwater from that stream is improbable. At a stage of 6 feet the river
overflows into a former channel 1,000 feet back from the right bank. At extreme
flood stages the right bank is overflowed to a width of a quarter of a mile.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 13.0 feet March 23
(discharge estimated, because of ice, about 12,000 second-feet); minimum dis-
charge, during period river was frozen over, February 25-28, estimated at 90
second-feet.

1910-1917: Maximum stage recorded March 23, 1917; minimum open-water
stage recorded, 1.71 feet July 4, 1911 (discharge, 38 second-feet).

Ice.—Stage-discharge relation seriously affected by ice.

RecuraTioNn.—Several miles above the station is a power plant that is run under a
varying load for light and power, but inspection of the morning and evening gage
heights indicates that the diurnal fluctuation at the gage is slight.

Accuracy.—Stage-discharge relation changed during high water of March. Rating
curve used before change well defined between 186 and 1,350 second-feet; curve
used after change fairly well defined between 155 and 3,400 second-feet. Gage
read to quarter tenths twice daily. Daily discharge ascertained by applying mean
daily gage height to rating table except for periods in which the stage-discharge
relation was affected by backwater from ice for which it was ascertained by apply-
ing to the rating table mean daily gage height corrected for effect of ice by means
of discharge measurements, observer’s notes, and weather records. Records fair
except those for winter, which are subject to error.

Discharge measurements of North Branch Root River near Lanesboro, Minn., during the
year ending Sept. 30, 1917,

Date. Made by— hgiﬁet. ch]?sirZe. Date. Made by— hﬁi?h%;. ch]g.irsg-e.
Feet. Sec.-{t. Feet. | Secft.

Jan. 20s] R. B. Kilgore.......... 2.73 13 || Apr. 28 | 8. B. Soulé ... 2.56 307
Feb. 224] 8. B. Soulé ............ 2,90 94 || June 11 di 3.13 616
Mar. 27 |..... Q0nennnn il 4£o1| 1,120 || Sept. 28 2.21 187

a Measurement made through complete ice eover.
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Daily discharge, in second-feet, of North Branch of Root River near Lanesboro, Minn., for
the year ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb, | Mar. | Apr. | May. | June. | July. [ Aug. | Sept.
141 186 190 135 110 115 585 475 925 | 1,040 215 135
151 175 180 135 110 110 420 530 678 710 240 128
154 172 190 135 110 110 475 502 558 520 194 142
164 151 180 135 110 110 475 448 448 448 197 155
164 228 185 130 110 110 448 370 420 448 191 164
138 192 175 130 105 135 420 325 678 502 240 158
148 175 175 130 105 115 395 285 | 1,080 558 271 173
133 247 185 130 105 135 370 257 | 1,580 710 264 188
149 320 185 130 105 125 325 268 | 1,210 558 240 176
1 293 78 125 105 135 285 240 | 1,000 448 232 158
141 282 120 125 105 100 264 226 745 370 226 161
151 268 160 125 100 135 246 232 | 1,250 530 212 173
162 254 160 125 100 160 257 226 | 1,210 780 226 158
192 221 155 120 100 245 268 212 710 558 206 155
146 164 155 120 100 170 246 206 395 502 206 148
159 181 150 120 100 185 229 194 305 395 191 138
181 192 150 120 100 165 257 182 305 395 182 130
154 261 145 120 100 190 278 191 325 348 173 122
162 133 145 120 95 180 305 226 305 161 135
141 192 145 115 95 180 348 250 285 285 150 161
175 198 145 115 95 130 ) 395 3051 232 250 ) 155 179
154 231 145 115 95 | 2,260 420 502 197 236 150 173
167 189 145 115 95 110,500 370 448 271 155 158
175 203 140 115 95 | 3,400 325 370 | 6,040 285 164 142
195 186 140 115 2,260 325 305 | 3,280 257 158 140
189 192 140 110 90 | 1,520 325 348 | 2,590 229 150 152
192 203 135 110 90 925 285 305 | 1.380 209 145 135
209 198 135 110 90 780 285 305 | 1,80 200 140 132
195 135 110 |..e.. . 710 305 325 | 1,780 218 128 122
192 154 135 110 |....... 645 348 370 | 1,580 222 138 115
192 ....... 135 110 |....... 615 |....... 645 |....... 236 145 . ..., .

Nore.—Stage-discharge relation affected by ice Dec. 1 to Mar. 28.

interpolated.

Gage not read Nov. 12; discharge

Monthly discharge of North Branch of Root River near Lanesbor-o, Minn., for the year
ending Sept. 30, 1917.

Discharge in second-feet.

Run-off

(depth in

Month. per | inches on

Maximum. | Minimum. | Mean. square area).ge
October . . e 209 133 165 0. 255 0.29
NoOVember. ... 320 133 208 .321 .36
December. . .o v e 190 78 153 .236 .27
L3110z o 135 110 121 .187 .22
5100 T o D 110 20 100 .15b .16
March. ..o, 10,500 100 860 133 1.53
1%pri] .......................................... 585 343 .530 .59
Y e e emee e et e e amaneieacaneanaanans 645 182 325 .502 .58
JUNe. .. 6,040 197 1,140 1.76 1.96
B S 1,040 420 .649 75
AUgUSE. ., 271 128 189 .292 .34
September......uueieeiniii i 188 115 150 .232 .26
The Year. . oo eeeeeeceeanan 10,500 78 349 .539 7.31
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WISCONSIN RIVER AT WHIRLPOOL RAPIDS, NEAR RHINELANDER, WIS.

Locatron.—In sec. 4, T. 35 N., R. 8 E., Lincoln County, at head of Whirlpool Rapids,
1 mile below mouth of outlet of Crescent Lake (coming in from right), and about
3 miles downstream from power station of Rhinelander Power Co., 10 miles south-
west of Rhinelander.

DrAINAGE AREA.—1,160 square miles (measured on map issued by Wisconsin Geo-
logical & Natural History Survey, edition of 1911; scale, 1 inch==6 miles). -
RECORDS AVAILABLE.—September 15, 1915, to September 30, 1917; December 1,

1905, to September 30, 1915, for station, about 3 miles upstream.

Gage.—Stevens continuous water-stage recorder, on right bank, in wooden shelter,
well and intake.

DiscHARGE MEASUREMENTS.—Made from a cable 150 feet upstream from gage.

CHANNEL AND cONTROL.—Bed of stream heavy gravel and rock. Banks medium
high and not subject to overflow. Control is head of rapids, 100 feet downstream
from gage; well defined and permanent,

EXTREMES OF DISCHARGE.—Maximum stage recorded during year 4.15 feet at 10
a. m. April 25 (discharge, 2,900 second-feet); minimum stage recorded 0,86 foot
at 8.30 p. m. August 19 (discharge, 232 second-feet).

1905-1917: Maximum stage recorded 5.61 at 10:00 p. m. April 22, 1916 (dis-
charge 5,250 second-feet); minimum discharge recorded, at old station, zero dur-
ing August and September, 1907, and June, 1908. Minimum flow caused almost
entirely by regulation, and at the present station will never be zero discharge.
Minimum discharge at new location, 1915—1917 0.85 foot 5 p. m. August 20, 1916
(discharge 228 second-feet).

REecurLaTiON.—Above the station are 14 reservoirs ! which are operated by the Wis-
consin Valley Improvement Co., for the purpose of regulating the flow in Wisconsin
River. The aggregate capacity of these reservoirs is 2.8 billion cubic feet during
the summer, and 3.6 billion cubic feet during the winter. Owing to the opera-
tion of these various storage reservoirs and the service reservoirs of three power-
plants on river above this station, the flow at the station is not natural.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 212 and 5,410 second-feet. Recording gage not in
operation October 17 to November 1, December 25 to March 9, and March 21-25.
Daily discharge obtained by use of dzscha.rge integrator except for penods during
which stage-discharge relation was affected by ice or gage was not in operation,
for which it was obtained from discharge measurements, recording gage graph
and observer’s notes, and weather records and compari.son of flow of Tomahawk
River near Bradley and Wisconsin River at Merrill. Open-water records excel-
lent, except those for periods when gage was not in operation, which may be con-
siderably in error; winter records possibly poor.

Discharge measurements of Wisconsin River at Whirlpool Rapids, near Rhinelander, Wis.,
during the year ending Sept. 50, 1917,

[Made by R. B. Kilgore.]
. Gage Dis-
Date. height, | charge.
Feet. Sec.ft.
TR T N 4.32 1,130
B % R T PSS 3.46 795
BT -+ TR L Y 2.99 1,600

o Frazjl and surface ice at control.

1 Information concerning these reservoirs, based on maps and data furnished by A. A. Babcock, manager
of the Wisconsin Valley Improvement Co., and-data collected by the Engineering Department of the Rail-
road Commission of Wisconsin, is contained in U. S. Geol. Survey Water-Supply Paper 405, p. 127,
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Daily discharge, in second-feet, of Wisconsin River at Whirlpool Rapids, near Rhinelander,
Was., for the year ending Sept. 30, 1917.

2y. ct. | Nov. | Dec. | Jan. | Feb. ar. | Apr. | May. | June. y. | Aug. | Sept.

D Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

WO 1,800 | 1,300 | 1,370 1,070 | 2,170 | 1,130 | 1,010 | 1,100 | 810

2l 1,760 | 1,360 | 1240 1,350 2120 | 1,270 | 1,250 | ‘040 | 520

3.l Ul 1630 1400 | s 1320 | 2220 | "6z | 1550 | »s00| 310

g 1,630 [ 1,320 | 788 I'520 | 2,200 | 1,120 | '820] 00| 640

S 1,560 | 1300 | o16 oo | 1,560 | Z/160 | 1,720 | 1,330 | 520 | 1,080
-------------- 3 3] 3 ) 3 s 2

6 1,420 | 1,070 | 1,220 1,900 | 2,000 | 1,640 | 1,580 | 720 | 970

o 1,430 | 1150 | 1100 1680 | 1,800 | 1960 | 1,270 | 1,030 | 740

sl 1,450 | 1350 | 960 To70 | 910 | 2130 | “700 | “ee0{ 730

9ol 1,170 | 1,400 | 1,050 2040 | 1,010 | 2180 | 1,170 | 970 | 500

10 824 929 591 | 1,720 1,800 | 1,200 | 17330 [ 1,020 | 40

636 | 1,850 | 1,730 | 2,040 | 1,030 ] 9s0| 780

934 | 1020 [ 1,660 | 2,250 | 930 | 630 | 730

857 | 1950 | 1,000 | 2,080 | 1,160 | 810 | 610

775 | 22110 | 110 | 1000 [ 1000 [ 1,000 | 560

700 | 720 | 1,540 | 1610 | 1,760 | ‘780 | ‘940 | 580

750 742 | 1,360 [ 1,500 | 1,500 | 80| 1,110 | 500

730 | U430 | 1)570 [ 17180 | 1,020 | 1020 | 510

1,050 | 1’570 | 1420 | 1)250 | 1160 | 700 | 460

1,040 | 1670 | 1,340 | 1600 [ 1140 | 515] 410

946 | 2,030 | 885 (1,500 | ‘860 | 300 | 440

2130 | 9871510 960 10| g0

go0 | 2,050 | 1,330 [ Laso | 650 | 930 [ 480

2060 | 1320 | U520 | 7201 1,110 600

2160 | 1,330 | 950 | 710 | L1oo | 600

702 | 2,680 | 1,050 | 1,370 | 1,100 | 900 | 1,020

1,020 2,310 | 942 ]1,80)1,170| 70| 600

897 | 2270 | 697 | 1760 | 1,080 | 7 730

864 | 2,280 | 942 | 1600 | Los0 | 1,070 | 820

772 | 2,300 | 1,110 | U570 | 745 | Lieo| g0

865 | 2,390 | 1,130 | 1)540 | 500 | ‘870 | 600

943 ... 1190 |0 1,020 | 790 |.......

NorE.—Stage-discharge relation affected by ice Dec. 13 to Apr. 1. Braced figures show mean discharge
gage not in operation Oct. 17 to Nov. 1; discharge estimated by com-
'omahawk River near Bradley and Wisconsin River at Merrill,

for
par;

eriods included. Recordi
n with records of flow of

Monthly discharge of Wisconsin River at Whirpool Raptds, near Rhinelander, Wis., for
the year ending Sept. 30, 1917.

[Drainage area, 1,160 square miles.]

Discharge in seccnd-feet.

80 Run-off

(depth in

Month. Per inches on

Maximum.| Minimum. | Mean. | square age

mile. area).

1,250] 108 1.24
1,330 1.15 1.28
888 . 766 .88
750 . 647 .75
700 . 603 .63
796 .686 .79
680 1,870 1.61 1.80
220 1,490 1.28 1.48
250 1,610] 1.39 1.55
1,580 ,020 .879 1.01
1,160 865 . 746 .86
1,080 648 . 559 .62
The Fear. . «..oenn e eameaemaeanans 2,680 310 1,100 .948 12.89




UPPER MISSISSIPPI RIVER BASIN. 111
WISCONSIN RIVER AT MERRILL, WIS.

Locarron.—At highway bridge at east end of Merrill, Lincoln County, 1,000 feet
below power house of Merrill plant of Wisconsin Valley Lighting Co., and half
a mile below mouth of Prairie River, coming in from left.

DrAiNAGE AREA.—2,630 square miles.

RecorDs AvamaBLE.—November 17, 1902 to September 30, 1917.

Gage.—Stevens water-stage recorder installed September 11, 1914; November 17,
1902, to June 17, 1903, staff gage; June 17, 1903, to September 10, 1914, chain
gage attached to downstream side of highway bridge; datum same since June 17,
1903; records prior to this date questionable.

DisCHARGE MEASUREMENTS.—Made from highway bridge a few feet upstream from
the recording gage.

CHANNEL AND CONTROL.—Bed composed of heavy gravel and rock; nearly perma-
nent. Small island below gage and small rapids on either side probably consti-
tute control. Banks are fairly high and are rarely overflowed.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 8.8 feet at 9.30
a. m. April 21 (discharge, 10,700 second-feet); minimum stage recorded, 2.9 feet
at 6 a. m. July 5 (discharge, about 400 second-feet).

1912-1917: Maximum stage recorded, about 17.5 feet at 5 a. m. July 24, 1912
(discharge, 45,000 second-feet). During the preceding 24 hours 11.25 inches of
rain fell in the vicinity of Merrill. According to C. B. Stewart, consulting engi-
neer, Madison, the run-off of the 700 square miles between Merrill and Tomahawk
was at the rate of 65 second-feet per square mile. If the estimate is extended to
the entire area above Merrill the flow was 17 second-feet per square mile. Mini-
mum stage recorded for the period, 2.7 feet, July 7, 1910 (discharge, about 389
second-feet).

REecuraTiON.—Above the gaging station are 17 reservoirs,! which are operated by the
Wisconsin Valley Improvement Co. for the purpose of regulating the flow in
Wisconsin River. The aggregate capacity of these reservoirs is about 6% billion
cubic feet. In addition to the above reservoirs there are on the Wisconsin and
Tomahawk rivers above the station eight dams operated for power.

Accuracy.—Stage-discharge relation practically permanent; rating curve fairly
well defined between 1,600 and 19,400 second-feet. Operation of water-stage
recorder satisfactory throughout year. Daily discharge, determined by means
of discharge integrator. Open-water records good; winter records fair.

Discharge measurements of Wisconsin River at Merrill, Wis., during the year ending
Sept. 80, 1917. ‘ :

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. Date. - Made by— height. | charge.
. Feet. Soc.—ift‘ Feet. | Secft.
Dec. 28¢| E. L. Willlams........ 5.78 2,180 { Mar, 2¢| E, L, Williams......... 5.20 1,390
Jan, 30¢|..... [« [ Y 5.18 1,480 i July 3 | R.B. Kilgore.......... 6.14 3,740

& About one-half of stream frozen over.

1 Information concerning these reservoirs, based on maps and data furnished by the manager of the
‘Wisconsin Valley Improvement Co., and data collected by the engineering department of the Wisconsin
Railroad Commission, is contained in U. 8. Geological Survey Water-Supply Paper 405, p. 127.

\
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Daily discharge, in second feet, of Wisconsin River at Merrill, Wis., for the year ending

Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. [ Apr. | May. | June. | July. | Aug. | Sept.._
420 | 1,720 | 1,620 | 1, 3,230 | 8,850 | 2,730 | 3,320 | 1,740 | 1,840
630 | 1,480 | 17640 | 1,410 | 3,560 | 8,950 | 2,380 | 2,150 | 1,870 | 1,940
410 | 1,320 | 1,600 | 1,470 | 4,500 | 8,160 | 2,840 | 2,960 | 1,880 | 1,420
020 | 1,500 | 1,620 | 1,520 | 5,330 | 7,760 | 2,120 | 3,060 | 1,890 | 1,720
030 | 1,640 | 1,560 | 1,180 | 5,100 | 7,110 | 3,370 | 1,520 | 2,250 | 2;440
930 | 1,300 | 1,500 | 1,410 | 5,350 | 6,590 | 4,950 | 2,610 | 1,520 | 2,360
470 | 17400 | 1,740 | 1,470 | 5,840 | 5,590 | 6,640 [ 2,940 | 2,110 | 2,010
420 | 17240 | 17520 | 1430 | 5,880 | 5,370 | 7,510 | 2,410 | 2,450 | 1,900
810 | 1,220 | 1630 | 1,320 1 6,550 | 4,630 | 7,300 § 1,500 | 2,100 | 1,900
890 | 1,410 | 1,640 | 1,360 | 7,480 | 4,300 | 6,320 { 2,630 | 2,080 | 1,600
740 | 1,580 | 1,530 | 1,410-| 6,410 | 4,000 [ 4,600 | 2,270 | 2,020 | 1,360
650 | 1,500 | 1,490 | 1,570 | 7,300 | 3,720 | 4,750 | 2,420 | 1,890 | 1,800
570 | 1,520 | 17470 ] 1,630 | 7,880 | 3,340 | 4,670 | 1080 [ 1,550 | 2,000
630 | 1,420 | 17480 | 1,680 | 7,230 | 2,790 | 4,250 | 2,250 | 2,050 | 1,930
680 | 1,450 | 1,490 | 1,070 | 5,840 | 3,060 | 3,960 | 2,080 | 1,990 | 2;150
16uneeeneeaneen-| 2,020 [ 3,380 1 2,060 | 1,350 | 1,430 { 1,720 { 4,770 | 3,240 | 3,420 | 1,850 | 2,170 | 2,010
170000 20800 | 2850 | 1,860 | 1,630 | 10420 | 1,810 | 4,810 | 2,920 | 3,040 | 2,050 | 1,830 | 1,470
18 1,53 | 1370 | 1300 } 1,770 | 5,030 | 2,920 | 2,900 | 1,700 | 1,880 | 1,660
1,460 | 1,760 | 1,530 § 1,780 | 6,100 | 3,100 | 2)940 | 2,230 | 2,970 | 1,910
1,800 | 1,580 | 1,570 | 2,080 | 7,440 | 20930 | 3,140 | 1,840 | 1,420 | 1,750

.- N i
231 20600 | 30240 { 17480 | 1440 | 17650 | 2,490 [ 9,140 | 2980 [ 2,860 | 1,350 | 1,830 | 1,920
24, 130390 | 20600 | 1,470 | 10620 | 10530 | 2,690 | 7,820 | 2,790 | 2,690 | 1,920 | 2,040 | 1,240
95 LLilllllllll 3,120 | 2,180 | 1,740 | 1,630 | 1,500 | 2,760 | 7,310 | 2,680 | 2,460 | 1,780 [ 1,830 | 1,250
%B.venennnnn...| 3,570 | 2,510 | 1,530 | 1,510 7,540 | 2,540 | 3,770 | 1,770 | 1,720 | 1,990
27, Ll 3420 | 20990 | 15450 | 1,560 6,520 | 2,460 | 3,810 | 1,660 | 2,190 | 1,720
28, LTIl 3770 | 2,240 | 1,980 | 1560 7,040 | 1,460 | 3,370 | 1,920.| 1,900 [ 1570
29 3 21130 | 2,020 | 1,320 7,440 | 2,000 | 3,420 | 1,850| 1,990 | 1;850
2,260 | 1,720 | 1,470 8180 | 2200 | 3,190 | 1,740 | 1,950 | 2]o00
....... 1,830 | 1,600 e 2300 1. 750 | 20040 |

NorE.—Stage-discharge relation affected by ice Dec. 14to Apr. 4. Discharge for Oct. 23, Nov. 14, Dec. 18,
20-23, 29, Jan. 4-6, Feb. 17, 18, Aug. 13-18, based on gage heights for less than 24-hour period.

Monthly discharge of Wisconsin River at Merrill, Wis., for the year ending Sept. 30, 1917.

[Drainage area, 2,630 square miles.)

Discharge in second-feet.

Run-off
(depth in
Month. Por inches on
Maximum.| Minimum. | Mean. | square dgug:;.ge
mile. °
3,870 2,010 2,900 1.10 1.27
5,050 2,130 3,350 1L27 1.42
2,630 1,450 1,850 .708 .81
1,760 1,220 1,480 . 563 .65
1,740 1,420 1,550 .589 .61
3,120 1,180 1,910 .726 .84
9,920 3,230 6,540 2.49 2.78
8,950 1,460 4,070 1.55 1.79
7,510 2,120 3,850 1.46 1.63
3,320 1,350 2110 .802 .92
2,970 1,420 1,950 741 .85
2,440 1,240 1,820 . 602 .77
The year................. ceeneenanneaean 9,920 1,180 2,780 1.06 14.34




UPPER MISSISSIPPI RIVER BASIN. 113
WISCONSIN RIVER NEAR NEKOdSA, WIS.

LocarioN.—In sec. 15, T. 21 N., R. 5 E., 1} miles below Nekoosa, Wood County.
Tenmile Creek enters from left about 4 miles below station, and Big Roche a
Cri Creek, also from left, about 38 miles below.

DrAINAGE AREA.—5,500 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1 inch=6 ID.'I]BS)

RECORDS AvAILABLE,—May 21, 1914, to September 30, 1917

Gace.—Stevens water-stage recorder installed July 18, 1916, in wooden shelter on
right bank; prior to that date Gurley water-stage recorder at same location.
Gage attended by Henry Mans. .

DiscHARGE MEASUREMENTS.—Made from cable a short distance upstream from gage.

CHANNEL AND coNTROL.—Gravel; clean; practically permanent. Banks are high
and are rarely overflowed.

ExTREMES OF DISCHARGE.—Maximum stage during year, 10.02 feet at 10 p. m. April
5 (discharge, 24,700 second-feet); minimum discharge, 835 second-feet January 10.

1914-1917: Maximum stage, as determined by levels run to high-water marks
after water had receded, about 15.3 feet during the flood of June 6 to 9, 1914
(discharge, 54,600 second-feet); minimum stage recorded, 0.45 foot at 11 a. m.
October 7, 1915 (discharge, 595 second-feet). Minimum flow is due to regulation.

Ice.—8tage-discharge relation seriously affected by ice.

REecuraTioN.—No storage reservoirs discharging into Wisconsin River between
Nekoosa and Merrill. See “Regulation” in station description of Wisconsin
River at Merrill (p.111). Between Nekoosa and Merrill are 12 dams operated
for power. ) ‘

Accuracy.—Stage-discharge ;relation practically permanent, except as affected by
ice. Rating curve well defined between 1,160 and 52,100 second-feet. Operation
of water-stage recorder satisfactory; except October 1 and November 22. Daily
discharge ascertained by use of discharge integrator, except December 15 to
March 29, for which it wds obtained by applying to rating table, mean daily gage
height corrected for effect of ice by means of discharge measurements, recording
gage records, observer’s notes, and weather records. Open-water records excel-
lent; winter records fair.

Discharge measurements of Wisconsin River near Nekoosa, Wis., during the year ending
Sept. 30, 1917.

. ] i -
Date. Made by— oage. ch]g.IrZe. Date. Made by— hgfé e ch’?;rze.
Feet, | Sec.-ft. Feet Sec.-ft.

Dec. 30¢} E, L. Williams, .. ...... 3.55 1,580 || Mar. 50 E. L. Williams......... 17 1,520
Feb. lafl.....d0eeeeeenveaiaiann.. 3.56 2,220 || July 10 ] R. B. Kiigore.......... 2 51 3, 860

a Complete ice cover.

96719°—19—wsP 455——8
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Daily discharge, in second-feet, of Wisconsin River near Nekoosa, Wis., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. { Sept.
2,850 | 2,630 | 1,800 [12,600 [16,500 | 3,280 | 4,450 | 3,150 | 2,760
2,380 | 2,750 | 2,500 {14,400 [15,700 | 4.150 | 5,180 | 3,350 | 2,600
2,500 | 2,+50 | 1,560 [15,500 [19, 4,480 | 4,570 | 3, 3,220
2,450 | 2,790 | 2, 17,3800 (17,500 | 4,600 | 3,430 | 2,500 | 2,630
2, 3,100 | 2,060 |21,200 [15,000 | 4,680 | 4,370 | 2,460 | 2,800
2,300 | 2,320 | 2,070 [23,600 12,900 | 5,080 | 4,240 | 2,860 | 2,450
1,720 | 2,550 | 2,050 {22,400 {11,000 | 8,480 | 3,450 | 1,740 | 2,99
2,330 | 2,880 | 2,400 {20,400 | 8,700 (13,100 | 3, 2,380 | 3,730
1,430 | 2,820 | 3,160 {20,200 | 8,470 (18,100 | 3,870 | 3,480 | 3,700
1,880 | 2,810 | 2,490 (18,400 | 7,800 |18,100 | 4,110 | 4,020 | 2,870
1,600 | 2,850 | 2,380 17,100 | 6,960 [15,000 | 4,620 | 3,700 | 2,440
2,160 | 2,500 | 2,100 (16,300 | 6,700 10,500 | 3,030 | 3,710 | 2,780
1,850 | 1,760 | 2,040 |16,800 | 6,380 | 8,410 | 3,610 | 3,310 | 2,
2,180 | 2,480 | 2,470 (17,700 | 5,750 | §,170 | 3,770 | 4, 2,
2,880 | 2,730 | 2,370 |15,700 | 5,180 | 7, 3, 5, 2,
1,680 | 2,650 | 3, 13,700 | 4,770 | 6,800 | 3,050 | 4,940 | 3
2,170 | 2,330 | 2,670 [10,600 | 4,790 | 5,280 | 3,250 | 5,400 | 3,010

250 | 2,670 | 2, 9,440 | 4,500 | 5,700 | 3,550 | 4,30 | 3,160
2,370 | 2, 3,300 [10,500 | 4,570 | 4,700 | 3,370 | 3,740 | 3,0:
13,700 | 4, 4,960 | 3, y 2,

2 3,190 | 2,520

2,410 | 3,280 | 2,160

2,860 [ 2,970 ] 1,7

2,
2,430 | 2,910 |... ...

Nore.—Stage-discharge relation affected by ice Dec. 15 to Mar. 29. Gage not operating satisfactorily
Oct. 1, Nov. 22; discharge partly estimated.

Monthly discharge of Wisconsin River mear Nekoosa, Wis., for the year ending Sept.

30, 1917.
[Drainage area, 5,500 square miles.]

Discharge in second-feet. Run-off

(depth in

Month. per | inches on

Maximum. | Minimum. | Mean. | square | drainage

mile. area).

OCLODT . < ceeeeeeeieeeaeaaanans P 6,560 2,910 4,620 0.840 0.97
11,000 3,690 6,110 1.1 1.24
4,400 1,780 3,360 .611 .70
2, %80 1,430 2,220 .404 .47
3,100 , 530 2,450 .445 .46
11,600 1, 800 3,830 . 696 .80
, 600 9,440 16,100 2.93 8.27
19,000 3,560 7,710 1.40 1.61
18,100 3,280 6,930 1.26 1.41
5,180 2,330 3,430 .64 .72
5,900 1,740 | . 3,350 .609 .70
3,730 1,740 2,740 .498 .56
23,600 1,430 5,230 .951 12.91




UPPER MISSISSIPPI RIVER BASIN. 115

WISOONSIN RIVER AT MUSCODA, WIS.

LoocarioN.—In sec. 1, T. 8 N., R. 1 W, at highway bridge 1 mile north of Muscoda,
Grant County. Eagle Mill Creek enters from right about half a mile below station,
and Underwood Creek from left about 4} miles above.

DrAINAGE AREA.—10,300 square miles (measured on map issued by Wisconsin
Geological and Natural History Survey, edition of 1911; scale, 1 inch=6 miles).

RECORDS AVAILABLE.—December 21, 1902, to December 31, 1903; December 4, 1913,
to September 30, 1917. Gage heights November 1, 1908, to December 31, 1912,
published in United States Weather Bureau bulletin, Daily River Stages, parts
9, 10, and 11. )

Gaar.—Chain gage fastened to hand railing on upstream side of bridge; read by
William Hessler. Elevation of zero of present gage about 12.62 feet above that
of gage maintained December 20, 1902, to December 3, 1913, elevation of gage
during period November, 1908, to December 3, 1913, as read and published by
United States Weather Bureau was about the same as that of present gage, sea~
level elevation of which is 666.2 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year 6.95 feet April 11
(discharge 32,800 second-feet); minimum discharge estimated 3,400 second-feet
February 12.

1903 and 1914-1917: Maximum stage recorded, 22.70 feet September 23,
1903, corresponding to 10.1 feet for present gage datum (discharge, about 60,500

. second-feet); minimum stage recorded 0.7 foot December 2, 1914, and 5 p. m.
July 24, 1915 (discharge about 3,140 second-feet).

According to the records of the United States Weather Bureau ! (see note
under “Gage”) on June 11, 1881, the river reached a stage of 11.1 feet and during
August, 1868, zero on gage; discharge not computed owing to possible changes in
channel and datum of gage.

RecuLation.—Nearest power plant above station is at Prairie du Sac, about 40 miles
distant; since the last part of 1915 considerable diurnal fluctuation has been
observed at the gage. Owing to regulation by storage in the headwaters the flow
at this station is not natural. ’

Accuracy.—Stage-discharge relation not permanent; affected by ice. Rating curve
used during 1917, fairly well defined between 5,200 and 45,000 second-feet.
Gage read to quarter-tenths twice a day. Daily discharge ascertained by apply-
ing mean daily gage height to rating table, except for periods when stage-discharge
relation was affected by ice, for which it was obtained by applying to rating table
mean daily gage height corrected for effect of ice by means of discharge measure- -
ments, observer's notes, and weather records. Open-water records good, except
for extreme high and low stages, for which they are fair; winter records roughly
approximate.

Discharge measurements of Wisconsin River at Muscoda, Wis., during the year ending
Sept. 30, 191'7

Date. Made by— h{e}iﬁ%. ch];’rﬁg'e_
Feet. Sec.ft.
Jan. 60| E. L. Willlams.....ccccveennan 3.30 4,390
Feb. 154| Hoyt and Williams. 3.25 4,060
July 31| Kilgoreand Entringer.........cceenoueiiacioacacaracancccancaanacaacnes 2.11 7,230

a Complete ice cover. ’

1U. 8. Dept. Agr., Daily river stages, pt. 10, p. 98.

-
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Daily discharge, in second-feet, of Wisconsin River at Muscoda, Wis., for the year ending
Sept. 80, 1917. ~

.
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Nore.—Stage-discharge relation affected by ice, Dec. 15 to Mar, 25.

. Momthly discharge of Wisconsin River at Muscoda, Wis., for the year ending Sept. 30, 1917.

[Drainage area, 10,300 square miles.]

Discharge in second-feet.

8 Run-off

(degth in

Month. . Per 1‘111§ es on

. ainage

Maximum, | Minimum. | Mean, sx(gilﬁzr.e area).

[ 761743 o 12,200 5,200 7,890 0.766 0.88
November. ... it 14,800 7,400 10,300 1.00 1.12
December. . ot 10, 500 4,450 6,360 .617 .7
................... 4,450 3,590 4,180 .406 47
................... 4,2:0 3,400 3,890 .378 .39
......................... 21, 400 3,590 9,820 .953 1.10
................... 1, 600 18,200 | 24,300 2.36 2.63
....................... 26, 400 8, 14,900 1.45 1.67
................... 26, 400 8,140 | 14,500 141 | - 157
................... 14,800 6,380 8,900 .864 1.00
................... 11,300 , 2 6,720 .652 .75
September. . ... o iiiiiiiiiiiiiiiiaaaaa. 6,700 4,940 5,900 .573 .64
THE YeBT - - -« enememeneeamaneeeananas 31,600 3,400 9,810 | .952 12.93
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TOMAHAWK RIVER NEAR BRADLEY, WIS,

LocarroN.—In sec. 16, T. 36 N., R. 6 E., 2 miles west of Cassion, 4 miles north of
Bradley, Oneida County, 4 miles downstream from mouth of Dearskin Creek
(coming in from right), and 8 miles above mouth of river.

DRAINAGE AREA.—422 square miles.

REecorDs AvArLABLE.—September 18, 1914, to September 30, 1917.

Gace.—Chain gage fastened to cantilever arm on the right bank; read by Frank
Sutherland.

DISCHARGE MEASUREMENTS.—Made from cable half a mile below gage.

CHANNEL AND coNTROL.—Bed at gage and a short distance below, sandy and likely
to shift. Control is formed by rapids about 2,000 feet below gage. Bed at cable
section heavy gravel; permanent. When a head of 15 feet is maintained in Rice
Lake storage dam, in sections 4 and 9, T. 35 N., R. 6 E., backwater will extend
halfway up the rapids which are below the gage, and may affect the discharge
relation. The maximum head maintained during year at the reservoir was 13
feet 1 inch, during July 21, which apparently did not affect the control for the
gage. '

EXTREMES OF DISCHARGE.—Maximum stage recorded during year 4.31 feet at 7.25
a. m. April 22 (discharge, 927 second-feet); minimum stage, 1.72 feet at 6.45 a. m.
September 12 (discharge, 229 second-feet).

1914-1917: Maximum stage recorded, 6.88 feet April 24, 1916 (discharge, 2,190
second-feet); minimum stage recorded, September 12, 1917.

Ior.—Stage-discharge relation seriously affected by ice.

RecuraTION.—The following reservoirs are maintained upstream from the station
for the purpose of regulating the flow in the Wisconsin River. .

Dams and reservoirs on Tomahawk River.

Capacity (millions
of cubic feet).

Name. | Location ofreservoir. | Locationofdam. | Aresof |Drainage

Summer. |Winter.

: S mz Sg. mi.
Squirrel. .| .39 N., Sec.30,T.39N., R.5E. ¢ 3.00 17.07 152 152
Minocqua.| Tps. 38—40N Rs 6-7E.| Sec. 10,T.39N,,R.6 E 11.31 81. 60 291 651
B 017 % 5 14.31 08,67 443 803

Accunacy.—Stage-discharge relation practically permanent except as affected by
ice. Rating curve well defined between 240 and 1,970 second-feet. Gage read
to hundredths. twice daily. Daily discharge ascertained by applying mean
daily gagé height to rating table, except for periods in which stage-discharge
relation was affected by ice, for which it was obtained by applying to rating
table mean daily gage height corrected for effect of ice by means of discharge
measurements, observer’s notes, and weather records. Open-water records good
except for extremely low stages for which they are fair; winter records fair.

Discharge measurements of Tomahawk River near Bradley, Wis., durmg the year ending
Sept. 30, 1917.

[Made by R. B. Kilgore.).

G: Dis- G Dis-
Date. hei?ﬁet. charge. Date. heizﬁ. charge.
Feet Sec.-; Feet. Sec.-ft.
Dec, 186...0evcunviinnnunenen 3.10 f3t78 Mar. 70..cccivvecaciccinnnns 3.32 ffme
Feb, 10...uiiiiueianaannns 3.02 340 || June 27........ceeiriiniianns 3.62

¢ Complete ice cover.
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Daily discharge, in second-feet, of Tomahawk River near Bradley, Wis., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

516 604 566 | 3501 340 295 640 815 460 604 243 265
488 604 539 | 365| 340 310 650 850 474 574 240 258
474 589 546 360} 345 325 610 850 460 530 246 252
460 559 5021 355| 360 320 575 815 460 502 248 248
47 544 488 350 | 380 320 582 780 488 474 273 246

434 516 516 340 365 310 589 746 516 488 278 246
434 | -516 488 340 350 305 596 713 619 516 295 243
421 589 474 345 350 315 604 681 697 516 322 242
421 666 474 350 355 325 619 650 713 502 328 237
421 681 516 355 360 330 681 619 713 474 322 234

421 681 502 350 360] 340 ;‘gg 589 ) 666 460 | 308 232

574 666 320 345 370 634 460 488 396 316 349
589 666 420| 350| 350 370 681 516 3721 300 328
589 410 360 | 350 370 763 474 544 338 300 326

619 502 370 350 |....... 565 730 365 681 255 308 384
544 360 340 |....... 595 798 363 650 249 284 384
604 |....... 345 340 |....... 625 |....... 408 |....... 246 268 |.......

Note.—Stage-discharge relation affected by ice Nov. 25-27 and Dec. 15 to Apr. 5. Gage not read, dis-
charge interpolated, Nov. 29, Dec. 1, 3, and Apr. 7. '

Monthly discharge of Tomahawk River near Bradley, Wis., for the year ending Sept.
80, 1917.

[Drainage area, 422 square miles.)

Discharge in second-feet. Run-off
R (depth in
Month. --Per inches on
Maximum. | Minimum.| Mean. | square | drainage
mile. area).
OCtODOT . - e eevereiaeiraeaaiin e taeanaaananan 619 421 522 1.24 1.43
November. . . 681 295 552 1.31 1. 46
December .. 589 345 48 1.08 1.22
January. .. 375 290 342 .810 .93
February 380 320 346 . 820 .85
March 625 295 383 . 908 1.05
April 923 291 708 1.68 1.87
May. 850 363 552 1.31 1.51
June. 713 4 577 1.37 1.53
July... .. 604 246 400 .48 1.09
August. .. ... ... .. 328 240 287 .680 .78
September. ... eee e iaeaaaan 396 232 303 .T18 .80
THO FORL .« - v eemeemeeeecameeneeeaeenene 923 22 | 452 1.07 14.52

PRAIRIE RIVER NEAR MERRILL, WIS.

Locarion.—On line between secs. 20 and 29, T. 32 N., R. 7 E., at highway bridge
4} miles northeast of Merrill, Lincoln County, and about 5} miles above mouth
of river. Haymeadow Creek enters from left about 5 miles above station.

DRAINAGE AREA.—164 square miles (measured on map issued by Wisconsin Geological
and Natural History Survey, edition of 1911; scale, 1 inch=6 miles).

RECORDS AVAILABLE.—January 18, 1914, to September 30, 1917.

Gace.—Chain gage attached to upstream side of bridge; read by Mrs. Meta Krause.

DISCHARGE MEASUREMENTS.—At low stages made by wading; at medium and high
stages from downstream side of bridge to which gage is attached.
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CHANNEL AND cONTROL.—Bed composed of gravel; clean and free from vegetation.

Left bank high, not subject to overflow; both banks wooded. Control not well
defined.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.0 feet June 8

(discharge, 870 second-feet); minimum discharge about 80 second-feet January
11, 12, and 16.
1914-1917: Maximum stage recorded, 6.1 feet April 22, 1916 (discharge, 2,290

“second-feet); minimum discharge, 72 second-feet, by discharge measurement

January 4, 1915. Absolute minimum occurred during winter period 1914-15,
and was probably somewhat less than 72 second-feet.

Ice.—Stage-discharge relation seriously affected by ice.
ReguraTioN.—None.
Accuracy.—Stage-discharge relation permanent. Rating curve well defined between

103 and 2,200 second-feet. Gage read to half-tenths once a day. Daily discharge
ascertained by applying daily gage height to rating table, except for periods
in which stage-discharge relation was affected by ice, for which it was obtained
by applying to rating table mean daily gage height corrected for effect of ice
by means of discharge measurements, observer’s notes, and weather records.
Open-water records excellent; winter records good.

Discharge measurements of Prairie River near Merrill, Wis., during the year ending Sept,

30, 1917.
Date. Made by— b | charge, || Date- Made by— hotght. | chacse,
Feet. | Sec.-ft. Feet. | Sec.-ft.
Dec. 281 E. L. Williams.. 2.10 88 (| Mar. 20| E. L. Williams.. . 192 91
Jan. 30q|..... b [ T 1.94 86 || July 4 | R. B. Kilgore... 1.97 132

a Control partly frozen over.

Daily discharge, in second-feet, of Prairie River near Merrill, Wis., for the year ending

Sept. 30, 1917.

Day. Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
366 384 148 86 86 90 313 614 159 172 106 110
278 366 133 85 90 90 402 574 159 172 101 110
244 278 133 85 90 90 535 535 184 133 93 115
212 244 137 86 90 90 655 496 313 122 93 110
184 212 137 90 90 95 244 440 348 118 184 159
172 184 172 85 90 90 421 384 614 128 184 184
159 159 159 85 90 95 535 348 825 122 184 184
148 458 148 85 95 95 313 870 128 212 159
159 458 137 90 95 100 458 278 825 128 212 148
148 496 125 85 90 95 614 278 870 118 . 184 148
148 384 120 80 90 100 614 244 825 118 159 159
137 348 115 80 90 95 781 184 870 128 137 159
159 313 110 85 90 95 781 212 614 128 133 159
159 2441 110 85 90 655 198 458 118 122 159
159 261 105 85 90 95 496 184 278 115 118 159
159 278 105 80 95 100 184 212 118 115 137
1 212 105 85 95 95 348 184 184 110 106 128
198 212 100 85 95 95 384 184 198 110 106 122
198 212 100 85 95 100 458 244 184 110 110 122
184 184 95 85, 95 110 278 184 110 115 122
- 198 159 95 85 90 110 614 278 184 106 110 106
.. 1 159 95 85 130 655 244 159 101 110 106
. 198 159 90 85 90 135 696 228 159 101 106 103
2A... 212 184 90 90 90 155 535 212 159 110 103
25... 212 160 20 20 90 159 458 184 212 91 110 103
26... 212 170 90 90 90 1 440 172 244 89 115 106
... 228 176 90 85 90 184 421 159 228 93 122 106
28... 244 180 90 85 90 184 496 137 212 103 128 110
29... 313 184 90 85 1....... 184 574 137 212 103 133 106
30... 348 159 90 85 |....... 212 574 159 184 106 122 103
31 402 |....... 95 85 |....... 278 |.ooo... 159 1. .. 103 115 §.......

NoOTE —Stage-discharge relation affected by ice Nov. 25-28 and Dec. 10 to Mar. 24.
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Monthly discharge of Prairie River near Merrill, Wis., for the year ending Sept. 30, 1917.

[Drainage area, 164 square miles.]

Discharge in second-feet. Run_oﬂ
epth in
Month. . mc es on
M Per drainage
i . i . . V)
Maximum. | Minimum. ean. s?nj fere area).
402 137 210 1.28 1.48
496 159 253 1.54 1.72
172 90 113 689 .79
90 80 85.3 520 .60
95 85 91.1 55656 .58
278 90 123 750 .86
781 244 513 3.13 3.49
614 137 271 1.65 1.90
870 159 371 2.26 2.52
172 89 116 707 .82
212 93 131 799 .92
184 103 130 793 .88
870 80 200 1.22 16.56

EAU CLAIRE RIVER AT KELLY, WIS.

Locarion.—In sec. 13, T. 28 N., R. 8 E., at highway bridge three-quarters of a mile
below Kelly, Marathon County, about a mile above mouth of Big Sandy Creek,
which enters from right, and 4} miles above mouth of river.

DRAINAGE AREA.—326 square miles (measured on mép issued by Wisconsin Geologi-
cal and Natural History Survey, edition of 1911; scale, 1 inch=6 miles).

RECORDS AVAILABLE.—January 1, 1914, to September 30, 1917.

Gaee.—Chain gage fastened to downstream side of highway bridge; read by W. .
Woolsey.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading
below bridge.

CHANNEL AND cONTROL.—Bed composed of heavy gravel and rock; gage is in the
rapids which form the control. Banks medium high and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 3.22 feet at 10
a. m. April 4 (discharge, 1,310 second-feet); minimum discharge estimated 50
second-feet for several days in January.

1914-1917: Maximum stage recorded, 5.1 feet April 22 and 23, 1916 (discharge,
3,270 second-feet); mimimum open-water stage recorded, 0.45 foot, August 13, 14,
15, Oct. 2 and 3, 1914 (discharge, about 40 second-feet). Discharge January 14,
17, and 18, 1916, estimated at 40 second-feet; minimum for winter period probably
somewhat below this figure.

Accuracy,—Stage-discharge relation permanent, except as affected by ice. Rating
curve well defined between 71 and 3,150 second-feet. Gage read to quarter
tenths twice daily except Sundays. Daﬂy discharge ascertamed by applying
mean daily gage height to rating table, except for periods in which stage-discharge
relation was affected by ice, for which it was obtained by applying to rating
table mean daily gage height corrected for effect of ice by means of discharge
measurements, observer’s notes, and weather records. Discharge for practically
all Sundays interpolated. Open-water recoxds good; winter records fair.

Discharge measurements of Eau Claire River at Kelly, Wis., during the year ending
Sept. 80, 1917.

Date. Made by— pag® | s, || Date. Made by— hatght. | chase.
Feet. | Secft. Feet. | Secft.

Dec. 20o E. L. Williams......_.. 1.36 71 || Mar. 3¢/ E.L. Williams......... 1.33 67
Jan. 3laf..... d0nuns L 1.36 68 || July 2| R.B. Kilgore.......... 1.25° 199

. ¢ Almost complete ice cover.



UPPER MISSISSIPPI RIVER BASIN. 121

Daily discharge, in second-feet, of Eaw Claire River at Kelly, Wis., for the year ending
Sept. 80, 1917.

Jan. | Teb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

60 65 70 670 990 193 176 102 93

60| 6| 70| 67| 90| 23| 193| 114 o4
60| 70| 65| o990| 862| 228, 171| 104 94
65| 70| 65|1,20| 677| 244| 139 102
65| 1w 685|1 587 | 263{ 139 94| 142

55 80 310 708 261 171 85 124 85
60 |....... 285 816 250 168 8| -104 85
70 |. 380 925 196 158 85 89 85
70 |.......] 680 |....... 179 |-...... 87 85 [.auennn

Note.—Stage-discharge relation affected bv ice Dec. 13, to Apr. 2. No gage readings Oct. 1, 8, 15, 22,
29, Nov. 5, 12, 19, 23, Dec. 3, 10, 17, 24, Apr. 8, 15, 22, 29, }“ay(i 13, 20, 27, June 3, 10, 17, 24, July 1,8 15,
22,29, Aug. 5, 12,19, 26, Sept. 2, 9, 16, 23, 30; discharge interpolated.

Monithly discharge of Eau Claire River at Kelly, Wis., for the year endmg Sept. 30, 1917.
[Drainage area, 326 square miles.] -

Discharge in second-feet. Run-off

(depth in

Months Per inches on

' Maximum. | Minimum. | Mean. square | drainage

- mile. area).

....................................... 528 129 243 0.745 0.86
................................ 647 182 320 .982 1.10
................................ 216 C0 136 417 .48
................................ 70 50 55.6 .17, .20
...................................... 85 65 74.1 .227 .24
......................................... 660 65 135 .414 .48
.......................................... 1,290 416 824 2.53 2.82
.......................................... 990 179 341 1.05 1.21
...................................... 1,210 150 358 1.10 1.23
.................................... 85 123 .377 .43
........................................ 443 85 150 . 460 .53
..................................... 252 85 123 .377 .42
................................ 1,290 50 240 . 736 10.00

BIG EAU PLEINE RIVER NEAR STRATFORD, WIC.

Location.—In sec. 13, T. 27 N., R. 3 E., at highway bridge at a place known locally
as Weber Farm, about 2 miles north of Stratford, Marathon County, about 1 mile
above Chicago & North Western Railway bridge. Dill Creek enters from right
about 5 miles above station.

DRAINAGE AREA.—223 square miles (measured on map issued by Wisconsin Geological

and Natural History Survey, edition of 1911; scale, 1 inch=6 miles).

Recorps AvArLABLE.—July 24, 1914, to September 30, 1917.

GacE,—Sloping gage, reading from 1.0 to 15.6 feet, on right bank of the river, and
vertical staff gage, reading from 15 to 18 feet, at upper end of sloping gage; read
by Christian Weber.
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Di1scEARGE MEASUREMENTs.~—Made by wading about 1,000 feet below gage or from
the highway bridge.

CHANNEL AND coNTROL.—Bed composed of heavy gravel and rock; control at head of
rapids 400 feet below gage. Both banks at gage are high and will be overflowed
only at stage of about 15 feet and above.

EXTREMES OF DISCHARGE.—Maximum stage recorded during open-water period of
year 7.42 feet at 6.30 a. m. April 4 (discharge, 3,670 second-feet); minimum open-
water discharge, 11 second-feet December 22-30.

1914-1917: Maximum recorded stage 8.85 feet at 6 p. m. April 21, 1916 (dis-
charge, 5,540 second-feet); minimum discharge, 3.0 second-feet, by current-
meter measurement February 5, 1915. The flood of June, 1914, reached a
maximum height of 20.7 feet as determined by levels run to high-water marks.

Accuracy.—Stage-discharge relation practically permanent, except as affected by
ice.. Rating curve fairly well defined between 5 and 4,000 second-feet; gage
read to quarter-tenths twice daily. Daily discharge obtained by applying mean
daily gage height to rating table; estimated December 5-10, 31 and April 1-3
when stage-discharge relation was affected by ice. High-stage records good;
records for medium and low stage fair.

Discharge measurements of Big Eau Pleine River near Stratford, Wis., dumng the year
ending Sept. 30, 1917.

[Made by R. B. Kilgore.)

G Dis-
Date. heizﬁ. charge.
Feet. Sec.-ft.
BT 6.42 2,550
AUE. 24, et ieiie ittt iiiiececiaieensiacseesntneanerannanane 1.70

Daily discharge, in second-feet, of Big Eau Pleine River near Stratford, Wis., for the year
ending Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Apr. | May. | June, | July. | Aug. | Sept.
162 280 571 3.000| 1,110 47 25 18 12
120 223 49 | 3,000 840 27 31 12

81 192 49 | 3,000 470 19 27 12
61 403 49| 3,090 327 69 17 19 12
57 310 45| 1,810 241 310 15 85
57 230 45| 1,810 182 642 18 83 25
571 . 188 45| 1,810 1451 2,210 22 85 22
49| 1,260 45| 1,330 123] 1,490 19 195 19
49 | 1,570 45| 1,040 105 720 17 134 17
49 7 43 840 83 382 15 69 15
49 518 L34 1,110 75 215 17 4 15
49 310 28 840 60 175 22 31 13
55 230 22 694 85 112 19 4 15
57 162 22 470 47 75 17 33 15
57 162 22 327 40 60 15 27 25
49 132 18 260 40 44 15 24 22
49 103 18 247 33 36 15 19 18
49 87 18 31 33 15 18 18
40 ki 14 694 36 31 19 22 15
40 Kid 14| 1,040 40 27 27 40 15
40 73 141 1,040 44 25 19 31| 15
40 67 1 780 63 22 24 13
40 73 11 494 63 22 182 22 12
40 98 11 55 22 123 18 12
87 81 11 295 50 27 55 18 13
272 57 11 269 33 31 31 18 12
205 55 11 566 31 27 24 17 12
167 55 11 29 22 18 -15 12
180 57 11 7 25 22 17 15 12
239 67 11§ 1,110 25 18 13 15 12
217 Jeeenennn 10 Ja..e.... 36 |........ 12 12 |ceinnn.s
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Monthly discharge of Big Eau Plelne River near Stratford Wis., for the year ending
Sept. 30, 1917.

{Drainage area, 223 square miles.]

Discharge in second-feet. Run-off

(depth in

Month. Per 1(111192 16s on

. . inage

Maximum, | Minimum. | Mean. sgllglaée area).

£9.1 0.400 0.46
1,570 55 266 1.19 1.33
10 26.8 120 14
, 27| 1,100 4.93 5.50
1,110 25 146 . 655 76
. 211 18 235 1.05 1.17
X 12 28.8 . 15
195 12 38.5 173 20
12 15.5 .070 08

PLOVER RIVER NEAR STEVENS POINT, WIS.

LocatioN.—In sec. 1, T. 24 N., R. 8 E., Portage County, at Fast Waters highway
bridge, 5 miles northeast of Stevens Point and 7 miles above mouth of river.

DRAINAGE AREA.—136 square miles.

RECORDS AVAILABLE.—January 5, 1914, to September 30, 1917.

GagE.—Metal vertical staff gage bolted to left abutment, downstream slde of bridge;
read by C. A. Van Order.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND cONTROL.—Bed composed of heavy gravel and small rock; permanent
and free from vegetation. At high stages both banks will be overﬁowed around
the bridge. Control not well defined but is probably small rapids below gage.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 2.55 feet at 8 a. m.
May 1 (discharge, 452 second-feet); minimum discharge estimated 45 second-feet,
February 5-7.

1914-1917; Maximum stage recorded, 4.75 feet, June 5, 1914 (discharge, about
1,570 second-feet); minimum discharge estimated 45 second-feet, February 5-7,,
1917.

Ice.—Stage-discharge relation seriously affected by ice.

RecuLaTION.—Two dams are used in connection with grist mills above the station,
but the plants have little pondage so that the flow at the gage, except for brief
periods, is nearly natural.

Accuracy.—Stage-discharge relation probably permanent, except as affected by ice.
Rating curve used October 1 to April 2 well defined between 116 and 1,370
second-feet; curve used April 3 to September 30 fairly well defined from 105 to
1,370 second-feet. Gage read to quarter tenths twice daily. Daily discharge
ascertained by applying mean daily gage height to rating table; except during
periods when stage-discharge relation is affected by ice, for which it was ascer-
tained by applying to rating table mean daily gage height corrected for effect of
ice by results of discharge measurements, observer’s notes, and weather records.
Open-water records fair, except for extremely low stages, when diurnal fluctuation
may cause some error; winter records roughly approximate.

Discharge measurements of Plover River near Stevens Point, Wis., during the year
ending Sept. 30, 1917.

Date. Made by— hgizgﬁet. ch];irsée. Date. Made by— hgéﬁ ch%’é o
' Feet. | Secaft. ’ Feet. | Sec.ft.
Jan, 1le| E.L.Williams......... 1.52 75 || Mar. 6¢| E. L. Willlams......... 1.89 80
Feb. 2a|..... 15 1 O, . 2.14 86 (| July 9| R.B.Kilgore.......... 1.25

a Complete ice cover.
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Daily discharge, in second-feet, of Plover River near Stevens Point,
ending Sept. 30, 1917.

Wis., for the year

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. { Sept.
Toveianiinnnns 173 144 178 75 60 90 438 144 144 124 144
2o 153 184 194 70 70 90 405 367 118 144 155 144
b T, 153 184 178 70 70 20 357 37 1 124 144 134
[ S 134 184 163 95 95 383 284 189 144 124 144
1 J 144 173 148 120 45 90 383 332 189 124 124 134
[ SN 144 216 134 110 45 80 383 260 260 134 114 144
T 116 173 134 95 45 80 383 248 284 124 124 134
8 134 184 134 90 50 75 3.7 212 284 134 124 124
¢ I, 134 205 117 80 50 80 332 212 308 144 155 144

10, il 144 216 100 80 60 85 357 212 284 134 118 124
Woeiaa... 125 216 95 75 70 90 308 189 166 124 166 114
120 ol 134 194 95 70 75 90 332 189 144 144 124
1o 173 194 70 70 100 308 212 212 134 166 114
Mo 144 185 85 65 70 115 284 118 212 124 357 105
I T, 134 175 85 60 75 130 224 189 189 124 332 105
16 e 144 165 85 145 236 166 118 124 284 124
17 .. 134 145 100 140 236 189 166 134 | 200 124
18...... seiecce- 134 125 110 130 260 189 166 124 144 134
19l 125 163 105 110 260 189 134 114 124 105
20 ..l 183 183 100 95 357 189 144 105 124 105
b3 DR 153 168 110 140 332 189 88 105 134 134
22 i 153 173 125 185 357 118 144 124 144 124
23 i 163 163 120 230 332 189 166 124 88 105
b 153 153 115 215 308 166 96 124 166 144
2.5 .............. 173 183 100 240 189 144 166 124 155 134
26. e 163 173 85 260 189 166, 212 114 124 144
27 i 153 178 85 50 189 166 200 124 75 134
P2 T 173 184 85 240 284 144 144 96 80 105
29, coliailol 194 174 80 245 296 144 144 88 124 124
30, e, 153 163 70 250 357 144 144 88 134 124
23 A S 153 |....... 70 305 [....... 166 |....... 105 144 |..... .
NorE.—Stage-discharge relation affected by ice Nov. 14-17, Dec. 11 to Apr. 2.
Monthly discharge of Plover River mnear Stevens Point, Wis., for the year ending
Sept. 30, 1917,
[Drainage area, 136 square miles.]
Ti i -feot.
ischarge in second-feet Run-off

(depth in

Month. Per | inches on

Maximum. |Minimum.| Mean. | square dm@ge

mile. )

October ! 194 16| 149 1.10 1.97
216 125 176 1.29 1.43
December. . ..o et 194 70 ‘112 .823 .95
120 50 69.8 .513 .59
90 45 68.9 .507 .53
305 75 147 1.08 1.25
405 189 311 2.29 2.56
438 118 209 1.54 1.78
308 88 184 1.35 1.51
144 88 123 .904 1.04
357 75 152 0112 1.29
144 105 127 .933 1.04
438 153 ‘ 112 15.24
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BARABOO RIVER NEAR BARABOO, WIS.

LocaTion.—In sec. 33, T. 12 N., R. 7 E., at highway bridge 4 miles downstream from
Baraboo, Sauk County, about 3 miles below creek rising near Devils Lake, coming
in from right, and 15 miles above mouth of river.

DRAINAGE AREA.—5H72 square miles (measured on map issubd by Wisconsin Geologi-
cal and Natural History Survey, edition of 1911; scale, [l inch==6 miles).

RECORDS AvVAmLABLE.—December 18, 1913, to September 30, 1917.

GagE.—Chain gage, attached to upstream side of bridge; read by Miss Agnes Schneider.

DiscHArRGE MEASUREMENTS.—Made from downstream side of highway bridge to
which gage is attached.

CHANNEL AND cONTROL.—Bed composed of sand and mud; |control not well defined.
Water confined to one channel except at flood stages, when right bank is over-
flowed for a distance of 1,000 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, about 17.5 feet
March 26 (discharge, 4,200 second-feet); minimum d cha.rge, 100 second-feet
January 31.

1914-1917: Maximum stage recorded about 17.5 feet March 26, 1917 (discharge,
4,200 second-feet); minimum stage, 0.71 foot, at 7.30 a. m., July 26, 1916
(discharge, 76 second-feet).

Ice.—Stage-discharge relation seriously affected by ice.

RecuraTION.—In the vicinity of Baraboo, 4 miles above the station, there are four
dams, and one at Reedsburg, 18 miles above the station, Smaller plants are also
operated on the tributaries. The operation of these varjous plants causes diurnal
fluctuation at the gage of about 0.3 foot at low-water stages. Estimates of mean
monthly discharge probably represent nearly the naturgl flow.

Accuracy.—Stage-discharge relation changed during high water of March, 1917.
Rating curve used October 1, 1915, to March 21, 1917, fairly well defined between
167 and 2,600 second-feet; extended and roughly approximate above and
below these limits. Curve used March 22 to September 30, 1917, fairly well
defined between 150 and 3,270 second-feet. Gage read to quarter tenths twice
daily. Daily discharge ascertained by applying mean daily gage height to rating
table, except for periods when stage-discharge relation| was affected by ice, for
which it was ascertained by applying to rating table mean daily gage height
corrected for effect of ice by means of discharge measurpments, observer’s notes,
and weather records. Open-water records good; ewinter records roughly approxi-
mate.

Discharge measurements of Baraboo Ri’ver, near Beraboo, Wis., during the year ending
Sept. 30, 1917.

Date. Made by— hgiaé%%. ch]:;irsg-e. " Date. | Made by— hg}iz%‘i. chI;irig-e.

Feet. | Secft. : Feet. .| Secft.

Dec. 26e| E. L. Williams.........| 220 121 || Mar. 288 W. G. Hopt............ 14.77 3,110

Jan. 26e|..... o 1) 2.94 154 | May 3 | E.L. Williams......... 7.38 974
Feb. 28¢-....d0c wwrsuoneeeninn A 281 154 i

e Complete ice cover.
b 1,720 feet of overflow section, velocity in overflow section estimated from a boat. A.rea of cross section
etermined with level May 3.
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Daily discharge, in second-feet, of Baraboo River near Baraboo, Wis., for the years ending
“Sept. 30, 1915 and 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1914-15.
178 | 18] 178 44| 190 | 274 159 449 198
186 179| 174 531 187 | 246| 1C2| 449 179
1621 196 200 544 | 226 232| 155] 662 175
163 | 192 196 €02 | 2 220 | 149| €02 165
136 | 190 184 677 | 232 204 146| 617 153
15| 2256} 360
164 | 182| 167 849 232 194 141 544 155
179 186 189 970 | 253 | 188 142 477 169
93| 171] 177 1,070 | 267 206( 203 602 170
214 | 13| 182 1,130 205 213| 195| 365 221
632 161| 174 L170] 309| 203| 192 288] 226
47| 179 184 323 | 1,030 | 267| =208| 200]| 258 351
2881 175 | 177 421 808 | 2261 195 181 | 239 769
365 | 175 160 5181 g17| 200! 226| 1921 239( 1,260
477 163 722 692 198| ‘13| 200| 288| 1,190
173 | 75| 587| 195{ 260} 186 274 1,
250 | 565
arz [ 226 |1 1,0 801| 463 198| 232 165| 54| 1,560
463 [ 232 849 | 393| 203| 195| 156 865| 1,660
421 365| 220| 198 165| 932| 1,500
288 881 | 344 212! 200| 159| 801L| 1,230
260 849 | 300] 393| 195| 177| 831} 1,130
246 1 140 9151 283 753 | 195| 187| 309| 1,000
232 915 274 | 849| 213| 167 220 915
22 849 | 200 184 190 769
213 11,1108 239| 785| 203| 167 22 512
173 1,340 | 1,380 | 220| 662] 208| 152| 226 407
18| 136|[ 10| 190 1,600 20| 477] 195| waa]| 200| 463
205] 153 1,500 | 226 421| 176| 196| 195 557
226 { 188 1,460 393 | 155 531 167 7
190 172 1,001 210| 37| 170| 77| 163 512
190 | 172 865| 198| 337| 10| 69| 153 435
190 [....--- 722....... 302 [-eneen. 1754...... .
3781 6721 364 1301 215( 23011050 890 4401,016( 231 150
273 | 497| 364| 200 1s5| 225| 7091, 6711 1,130 | 186 144
259 | 378 308| 215! 25| 205]| 73| ‘970|1,30) 9 180 142
252 329( 204 205( 130 160 623| 832(1,260{ 890 168 174
2461 226 336| 215| 200| 240| 575| e€23|1,110( 671| 186 168
2321 266 204| 175 190 225( 45| 470 (1,200{ 455| 174 161
196 | 287 287| 150| 240f 310 470| 383 [1,660| 355 168
188| 364] 301| 155| 230f 330 411| 369|1,600| 327| 440 174
184 497 280 .215{ 175 340( 383 | 355(1,5620{ 313 | 313 180
74| 482 26| 1 155| 390) 369 313|1,520| 299| 341 186
2131 407| 226 200 125( 425( 341 271 |1,460| 200 285 186
213 | 302 232| 190| 190] 515] 299 1,10} 257 | 218 192
226 364 200 190f 190| 703]| 285| 218 6 244 | 218 192
213 364| 245| 140| 200| 783 | 9257 218 03 | 231 1 212
213, 308| 230, 155| 205, 703 2711 575, 205| 238 198

Note.~—Stage-discharge relation affected by ice Dec. 13, 1916, to Mar. 10, 1917, Water above gage on
Mar. 25 and 26, 1917; discharge based on stage as noted on i)ridge structure. = Discharge record for the year
ending Sept. 30, 1915, supersedes that published in Water-Supply Paper 405, p. 143, owing to a revision of
rating curve above 500 second-feet.



UPPER MISSISSIPPI RIVER BASIN. 127

Monthly discharge of Baraboo River mear Baraboo, Wis., for the years ending Sept. 30,

1915 and 1917.
{Drainage area, 5§72 square miles.}
Dischar; -feet.
ischarge in second-feet. ((lf'mé I’f‘ﬂ
in
Month. (:1‘1J
Maximum. | Minimum. | Mean, quua.reer dra.mags
ile. area).
1914-15,

0.477 0.55
.295 33
.255 .29
.323 .37
1.16 1.21
1.31 1.51
951 1.06
617 .71
360 .40
414 .48
.691 .80
1.17 1.30
664 9.01
571 67
689 77
.383 44
.304 .35
.346 .36
2.12 2.44
1.04 1.16
897 1.03
1.85 2.06
839 .97
374 43
315 35
813 11.03

NoTeE.—Monthly discharge record for the year ending Sept. 30, 1915, supersedes that published in Water-
Supply Paper 405, p. 144, owing to revision of rating curve above 500 second-feet.

KICKAPQO RIVER AT GAYS MILLS, WIS.

Locartron.—In sec. 28, T. 10 N., R 4 W., at highway bridge immediately below Nor-
wood Mill, in Gays Mills, Crawford County, 25 miles above mouth of river and 2
miles below mouth of Tainter Creek, which enters from right.

DRAINAGE AREA.—629 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1 inch=6 miles.

RECORDS AVAILABLE.—December 25, 1913, to September 30, 1917,

GaGE.—Chain gage fastened to downstream side of bridge; read by N. T. Norwood.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge at medium and
high-water stages; low-water measurements made by wading a short distance
downstream from gage.

CHANNEL AND cONTROL.—Bed composed of rock covered by a deposit of sand; banks
-at gage section fairly high and not subject to overflow at ordinary high-water
stages. Control at the head of small rapids about 300 feet below gage; probably
not permanent; the plotting of the discharge measurements indicates that at a
stage of about 2 feet on the gage the control is changed to some point below,
causing a reversal in the curve.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 15.05 feet March
24 (discharge about 6,300 second-feet); minimum discharge, about 160 second-
feet, February 10.

1914-1917: Maximum discharge recorded March 24, 1917; minimum dlscharge
about 100 second-feet, last part of January, 1915.
Toe.—Stage-discharge relatlon seriously affected by ice.

.
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ReguratioNn.—Mills at Gays Mills immediately above station, at Soldiers Grove, 7
miles upstream, and at several points above Soldiers Grove use comparatively
little storage, so that the recorded flow past the station represents nearly the natural
conditions. During low stages a small diurnal fluctuation is observed at the gage.

Accuracy.—Stage-discharge relation not permanent. Rating curve used October 1
to March 20, well defined between 211 and 485 second-feet; fairly well defined
between 485 and 1,340 second-feet; extended and subject to error above 1,340
second-feet. Curve used March 21 to September 30, poorly defined between 300
and 2,200 second-feet; extended and subject to etror above and below these
limits. Gage read to quarter tenths twice a day. Daily discharge ascertained
by applying mean daily gage height to rating table except for period when stage-
discharge relation was affected by ice, for which period it was ascertained by
applying to rating table mean daily gage height corrected for effect of ice by dis-
charge measurements, observer’s notes, and weather records. Open-water records
fair; winter records subject to error.

Dzscharge measurements of Kickapoo River at Gays Mills, Wis., during the yecr ending
Sept. 80, 1917.

Date. Made by— h(éiagtﬁ:. ch]girZe: Date. Made by— hgi!glet. ch];i'sg‘e.
Feet. | Sec.-ft. Feet. | Sec.-f".

Jan. b5a| E, L Wllhams ........ 2.12 274 || Mar. 22| W. G. Hoyt..........- 7.65 1,980
Feb. 16al.....d0. ... .ccaiiiail. 2.48 260 || Aug. 1| R.B Kﬂgore. ceseesaas| 3,74 894

alce at control.

Daily discharge, in second-feet, of Kickapoo River ct Gays Mills, Wis., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Cept.

355 405 368 225 190 265 680 820 455 | 1,170 630 345 -
355 330 355 225 245 266 | 640 920 580 995 945 360
325 355 310 265 215 310 580 660 895 640 630 360
310 355 310 295 185 325 565 550 630 535 515 345
295 340 300 275 235 325 565 515 550 515 495 375

280 | .325 300 265 175 340 550 475 770 550 475 375.
280 325 300 235 255 325 515 475 | 1,300 565 495 515
295 368 300 265 170 435 475 445 | 1,600 515 610 515

368 335 265 230 | 2,950 520 550 945 | 4,70 495 375
340 392 250 240 230 | 3,500 535 435 | 1,560 | 3,200 550 345
440 | . 265 265 280 280 | 3,3 550 3751 1,9 2,020 475 345
485 310 265 220 280 | 2,800 595 375 [ 1,740 77 445 345
450 392 295 275 235 | 2,100 565 625 €10 875

392 330 295 200 290 | 1,390 515 50 610 570 375 360
430 368 230 205 |..y..--| 970 595 415 820 535 375 330
522 368 250 195 |....... 870 770 402 700 515 360 315
478 [....... 235 280 f.....s (U 455 [ao.n..n 475 360 |..... .

Noze.—Stage-discharge relation affected by ice Dec. 10 to Mar. 20, Gage not read XNov. 9-13 and Dec.
5-8; dischargeinterpolated,
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Monthly discharge of Kickapoo River at Gays Mills, Wis., for the year ending Sept. 30, 1917.

[Drainage area, 629 square miles.]

Discharge in second-feet. Run-off
(depth in
Month. i Per inches on
Maximum. | Minimum.| Mean. square dx;g;z;ge
mile. .
October............ e eeeeeeeeeeeeeane————- 522 265 347 0. 552 0.64
405 251 347 .552 .62
368 235 283 450 .52
320 195 255 405 .47
290 160 240 382 .40
3,500 265 1,010 1.61 1.86
1,640 360 594 105
920 330 482 766 .88
1,990 390 805 1.28 1.43
4,740 345 903 1.4 1.66
945 360 493 784 .90
515 315 386 614 .68
4,740 160 514 817 1.1

TURKEY RIVER AT GARBER, IOWA.

LocatioN.—In sec. 36, T. 92 N., R. 4 W., at single-span highway bridge at Garber,
Clayton County, about 800 feet above mouth of Wayne Creek, which enters from
right.

DraINAGE AREA.—1,530 square miles (measured on map 1ssued by United States
Geological Su.rvey, scale, 1 to 500,000).

RECORDS AVAILABLE.—August 29, 1913, to November 29, 1916, except October 1,
1914, to March 30, 1915. Station discontinued November 30, 1916.

Gaae.—Chain gage attached to handrail on downstream side of bridge; read once daily
by E. J. Prolow.

DiscHARGE MEASUREMENTS.—Make from bridge, or by wading.

CHANNEL AND CONTROL.—Bed is composed of sand and mud; channel shifting. Right
‘bank high and not subject to overflow; left bank will be overflowed only at ex-
treme high stage or at gage height about 21 feet.

ExtrEMES OF sTAGE.—The highest stage within the last 20 years probably occurred
May 18, 1902, when a stage representing about 23.7 feet referred to the gage datum
was reached, as indicated by the highwater marks on A. F. Grafe’s residence in
Garber.

Ice.—Stage-discharge relation affected by ice, observations discontinued.

RecuLaTioN.—An electric-light plant and gnstlmll at Elkader probably cause a slight
daily fluctuation.

Data inadequate for determining daily or monthly discharge.
The following discharge measurement was made, by C. Herlofson:
November 23, 1916: Gage height, 3.86 feet; discharge, 302 second-feet.

Daily gage height, in feet, of Turkey River at Garber, Iowa, for the period Oct. 1 to Nov.

29, 1916.
Day. Oct. | Nov. " Day. Oct. | Nov
1.. 4.0 3.85 3.7 3.95
2.. 4.0 3.8 3.7, 3.9
3.. 3.8 3.75 3.7 3.9
4.. 3.85 3.75 3.7 4.1
5 3.8 3.75 3.7 4.1
[ 3.8 4.0 3.7 4.1
Tenevnannnnannns 3.75 4.0 3.7 4,1
[ J 3.65 3.95 3.7 4.1
[ 3.6 3.95 3.7 4.1
B 3.6 3.9 3.95 4.0

96719°—19—wsP 455——9
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MAQUOKETA RIVER BELOW NORTH FORK OF MAQUOKETA RIVER, NEAR
MAQUOKETA, IOWA.

LocatioN.—In the southwest corner of the NE. } sec. 17, T. 84 N., R.3E., at Bridge-
port Bridge, about 3 miles northeast of Maquoketa, Jackson County, 1,200 feet
above mouth of Mill Creek and 2 miles below mouth of North Fork of Maquoketa .
River.

DRAINAGE AREA.—1,600 square miles (measured on map issued by United States
Geological Survey, scale, 1 to 500,000). Drainage area at mouth, 1,960 square
miles.

RECORDS AVAILABLE. September 1, 1913, to September 30, 1917, except October,
1914, to March 20, 1915, when station was temporarily discontinued.

Gacr.—Chain gage attached to downstream handrail of bridge 100 feet from right
abutment; read by John Strodthoff.

DISCHARGE MEASUREMENTS,—Make from bridge to which gage is attached.

CHANNEL AND CONTROL.—Bed of stream composed of sand; shifting. Two channels
at all stages except above 12-foot stage above which there is overflow under pile-
trestle approach on the left side.

EXTREMES OF DISCHARGE.—Maximum stage recorded .during year, 16.8 feet at 1.30
p. m., June 13 (discharge, 11,800 second-feet); minimum stage recorded, 1.65
feet, November 15 (discharge, 296 second-feet).

Prior to 1917: Maximum stage about 23.5 feet, probably in 1905 (discharge,
about 24,300 second-feet).

DiversioNs.—None.

REecULATION.—None. ’

Accuracy.—Stage-discharge relation changed probably during high water March 10-14.
Rating curves used before and after the change well defined between 300 and
20,000 second-feet. Gage read once daily to bhundredths. Daily discharge,
except as noted below ascertained by applying daily gage height to rating table.
Stage-discharge relation affected by ice December 14 to March 9; determination
of discharge based on observer’s notes and weather records. Open-water records,
good; winter records roughly approximate.

Discharge measurem_eﬁts of Maquoketa River below North Fork of Maquoketa River, near
Maquoketa, Iowa, during the year ending Sept. 30, 1917.

[Made by C. Herlofson.]

Gage Dis- ’ Gage Dis-
Date. height. | charge. Date. height. | charge.
Feet. Secft. Feet, Sec.-ft.
November 24................. 2.10 438 || September 17.. ... ... ....... 1.97 366
June 4.l 3.35] e 906 17 1.96 360
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Daily discharge in second-feet, of Maquoketa River below North Fork of Maguoketa River,
near Maguoketa, Iowa, for the year ending Sept. 30, 1917.

Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May | June. | July. | Aug. | Sept.
422 | 439 | 422 577 | 615| 504 | 655| 419 * 309
405 | 422 | 422 558 | 697 577} 615 324
388 | 422 439 540 | 741)1,650| 577 | 386 324
388 | 422 439 5041 655|1,170] 540 | 370 615
372 | 405 | 405 00| 504| e15|1,280| 540( 370 469
372 | 405 | 422 504 | 578 |1,600| 540 355 540
372 388 422 469 | 540 | 3,030 | 504 | 370 615
356 | 422 439 469 | 504 | 2,770 | 504 | 1,380 832
325 | 456 | 405 469 | 469 |2,320| 577 615 504
310 | 456 | 325 7,080 | 435 | 469 |2,130 | 540 453
356 | 439 | 356 7,530 | 419 | 469 | 1,710 | 540 | 435 402
372 | 422 388 5,390 | 435| 435|1,380| 540 | 402 386
3721 439 | . 340 2,770 | 435! 419 {11,200 | 504 | 402 370
3721 356 7,720 | 402 | 419 | 4,750 | 577 | 38 386
356 | 296 ) 250 [ 2,640 | 386 | 419|2,640| 469 | 38| 370
372 340 250 2,700 [ 386 | 3862010 469| 3% 370
340 | 372 1,060 | 402 | 38 | 1,540 | 469 | 386 370
372 | 405 2,260 | 402| 386|1,330| 469| 355 339
372 | 439 1,380 | 402 | 386 1,120 | 435| 324 339
422 | 456 ,430 | 469 | 38| 1,020 | 419| 338 339
456 | 439 . 3,370 | 435| 370| 927 | 402| 355 339
439 | 439} oo 4,050 | 435| 419 832 469| 339 339
422 | 439 3,160 | 435| 469 | 832| 504 | 339 300
388 | 474 2,070 | 419| 469 | 927|1,170 | 324 339
P 500 | 372 1,620 | 419 | 435| 927 11,540 324 309
550 | 372 1,170 | 402 | 419 (1,070 | 832| 324 300
530 | 439 975 | 402| 419| 8 655 | 339 339
474 | 492 832 | 386 419 74| 577 339
474 | 456 41| 419 402| 786| 523| 309 339
44| 439 ] |S..... 655 |- 435| 435| 655| 469 | 309 324
a6 ... | 615 [....... 540 |....o.. 460 | 309 |.......

Monthly discharge of Maquoketa River below North Fork of Maguoketa River, near
Maguoketa, Towa, for the year ending Sept. 30, 1917.

[Drainage area, 1,600 square miles.]

Discharge in second-feet. Run-off

(depthin

Month. Per inches on

Maximum. | Minimum. | Mean. | square d;gg{zge

mile. /-
409 0.255 0.29
419 . 262 29
343 .214 .25
25 .156 18
250 .156 16
2,120 1.32 1.52
. 278 31
476 . 297 34
1,810 1.13 1.26
5 .365

405 .253 29
398 . 249 28
659 .411 5. 59

ROCK RIVER AT AFTON, WIS.

Location.—On line between secs. 22 and 27, T. 2 N., R. 12 E., at highway bridge in
Afton, Rock County, about 9 miles above Illinois State line. - Bass Creek enters
from right about three-quarters of a mile below station.

DRAINAGE AREA.—3,190 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1 inch==6 miles).

REecorps AvAILABLE.—February 5, 1914, to September 30, 1917.

Gaar.—Chain gage fastened to the downstream sideof bridge; read by Albert Engelke.

DiscHARGE MEASUREMENTS,—Made from the downstream side of bridgg, or by
wading.
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CHANNEL AND CONTROL.—Banks medium high, and will not be overflowed to any
extent at flood stages. Bed composed of gravel and clean silt; practically per-
manent. Control not well defined.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 8.90 feet at 4
p. m, April 1 (discharge, 8,910 second-feet); minimum discharge, 555 second-feet,
February 11.

1914-1917: Maximum stage recorded, 9.88 feet at 4 p. m., September 13, 1915
(discharge, 10,300 second-feet); minimum stage recorded, 0 5 foot at 7 a. m.
August 16, 1914 (discharge, about 459 second- feet)

Ice.—Stage-discharge relation seriously affected by ice.

REecuraTioN.—Operation of power plants at Janesville and above causes fluctuations
at the gage during low stages.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 638 and 10,500 second-feet. Gage read to hundredths
twice daily. Daily discharge ascertained by applying mean daily gage height
to rating table, except for periods of ice effect, for which it was ascertained by
applying to rating table mean daily gage height corrected for effect of ice by
means of discharge measurements, observer’s notes, and weather records. Open-
water records good; winter records fair.

Discharge measurements of Rock River at Afton, Wis., during the year ending Sept. 30,
1

917.
o Gage Dis- o Gage | Dis-
Date. Made by- height. | charge. Date. Made by- height. | charge.
Feet Sec.-ft. || ¢ Feet. | Sec.-ft.
Dec. 20¢| E. L. Williams......... 3.63 1,470 || Feb. 26| E. L. Williams.:..:.... 3.04 855
Jan., 245|_ ....dO...ccviiuenianao. 2.96 914 || May 22| Hoyt and lehams. ...l 3.76 2,410
a Control partly covered with ice. b Pragtically complete ice cover.

Daily discharge, in second-feet, of Rock River at Afton, Wis., for the year ending Sept. 30,
1917.

Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2,310 880 770 755 | 8,470 | 3,800 ; 2,400 { 8,040 | 1,740 756
2,400 880 640 785 | 8,470 | 4,040 | 2,670 | 8,330 { 1,660 802
2,400 855 660 820 | 7,470 | 3,920 | 2,670 | 8,470 | 1,620 804
1,580 885 620 715 | 7,330 | 4,160 | 3,240 | 8,470 | 1,500 955
2,220 880 640 890 | 7,190 | 4,160 | 3,140 | 8,470 | 1,29 1,010
2,140 810 790 940 | 7,050 | 4,400 | 3,680 | 8,470 [ 1,360 | 1,000
2,220 720 745 1 1,180 | 6,770 { 4,040 | 3,560 | 8,330 | 1,460 1,00()
2,310 | 790 | 735 1,300 | 6,630 | 3,800 | 4,160 | 8,040 | 1,360 | 1,320
2,140 715 735 [ 1,230 1 6,490 | 3,450 | 4,520 | 7,900 | 1,230 9
1,980 765 695 | 1,360 | 5,810 | 3,340 | 4, 7,620 1 200 1,170
2,060 | 780 | 555 2,670 | 5,420 | 3,240 | 4,520 | 7,190 | 1,230 852
2,060 7 615 | 2,490 | 5,420 | 3,040 | 4,520 | 7,050 | 1,360
2,060 | 810 | 665 2,040 | 5,290 | 3,240 | 5,810 | 6,490 | 1,260 | 1,050
2,060 700 710 | 2, 4,900 | 2,670 | 5,290 | 6,070 | 1,260 | 1,040
1,900 730 705 | 2,760 | 4,520 | 2,400 | 5,030 | 5, l 290 1,070
1,900 | 815] 705]3,240 | 4,400 | 2,220 | 4,640 | 5,550 | 1,200 | 1,000
1,620 805 6902760 | 4,160 | 2,060 | 4,400 | 5,160 | 1,140 941
1,580 690 660 | 2,850 | 3,920 | 1,900 400 | 4,640 87 970
1,500 725 705 (3,040 | 4,040 | 2,140 { 4,160 | 4,160 746 980
1,430 815 695 | 3,920 | 4,160 | 2,140 | 4,040 | 3, 894 [ 1,090
1,320 | 720| 63014,160 3,920 2,060 3,920 | 3,560 | 894} 1,170
1,230 | 855 | 750 | 4,520 3,920 | 2,400 {3,920 | 3,240 | 990 | 1
1,100 4,280 | 1,980 | 3,920 | 3,140 875 970
1,040 1,900 { 4,160 | 2,850 | 1,010 941
980 2,140 | 4,900 | 3,040 | "848 1,070
1,060 2,400 | 5,810 | 2,490 | 8201 1,100
1,030 2,670 | 6,350 | 2,490 903 | 1,360
1,080 2,580 | 7,050 | 2, 82| 1,170
980 2,310 | 7,470 § 1,980 788 1,100
950 2,140 | 8,330 | 1,900 | 894 | 1,
925 2,490 |....... 2,060 970 vuneuen

Nore.—Stage-discharge relation affected by ice Nov. 11-14 and Dec. 14 to Mar. 8.
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Monthly discharge of Rock River at Afton, Wis., for the year ending Sept. 80, 1917.

.

[Drainage area, 3,190 square miles.]

Discharge in second-feet.

Run-off

(depth in

~ Month. Por inches on

Maximum. | Minimum.| Mean. | square | Orainage

mile. area).

T OCLODET . < e ane 2,310 1,000 1,420 0.445 0.51
2,580 1,900 2,290 718 .80
2,400 925 1,6C0 520 .60
8! 700 796 250 .29
790 555 690 216 .22
8,040 715 3,530 111 1.28
8,470 3,800 5,270 1.65 1.84
4,400 1,900 2,880 903 1.04
8,330 2,400 4,570 1.43 1.60
8,470 1,900 5,390 1.69 1.95
1,740 746 1,150 .361 .42
. 1, 360 756 1,030 .323 .36
The Fear. ...cceeeareceacaaaceeerananas 8,470 555 2,560 .803 10.91

ROCK RIVER AT ROCKFORD, ILL.

LocatroNn.—In sec. 34, T. 44 N., R. 1 E,, at highway bridge at Nelson Avenue, Rock-
ford, Winnebago County, about 1 mile below mouth of Kent Creek.

DrAINAGE AREA.—6,520 square miles.

REecorps avAamasLe.—July 30, 1914, to September 30, 1917.

Gaee.—Chain gage attached to upstream side of bridge; read by Winston Burrows.

DiscHaArRGE MEASUREMENTS.—Made from upstream side of bridge.

CHANNEL AND coNTrROL.—Coarse gravel and rock; may shift in high stages.

‘ExTrEMES OF DisCHARGE.—Maximum stage recorded during year, 7.8 feet June 21
to 23 (discharge, 13,700 second-feet); minimum stage, 1.70 feet at 5.30 p. m.
September 30 (discharge, 1,180 second-feet).

1914-1917: Maximum stage recorded, 15.5 feet February 15, 1915 (discharge
not determined because of backwater from ice); maximum. open-water stage
recorded, 13.0 feet March 30 and 31, 1916 (discharge, 32,000 second-feet); mini-
mum stage, 0.82 foot, August 9, 1914 (discharge, 483 second-feet).

Ice.—Stage-discharge relation seriously affected by ice. '

ReauraTiON.—Operation of power plant at dam 2 mlles upstream in city of Rock-
ford causes slight fluctuation at gage.

Accuracy.—Stage-discharge relation practically permanent except as affected by
ice. Rating curve fairly well defined between 1,450 and 32,000 second-feet.
Gage read to hundredths twice daily. Fluctuation at gage only slight. Daily
discharge ascertained by applying mean daily gage height to rating tables, ex-
cept for period when stage-dischsrge relation was affected by ice, for which it
was determined from gage heights, observer’s notes, weather records, and records
of flow of Rock River at Afton, Wis. Open-water records good for medium and
high stages; probably somewhat too large for low staoes, ag gage readmgs were
taken dmmb day when flow, owing to regulation at dam, is somewhat greater than
during night; winter records poor.

The following discharge measurement was made by H. C. Beckman:
August 29, 1917; Gage height: 2.47 feet; discharge, 1,950 second-feet.
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Daily discharge, in second-feet, of Rock River at Rockford, Ill., for the year ending
Sept. 80, 1917.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. Sept.
11,800 | 6,770 | 4,200 | 3,440 | 3,440 | 1,870
11200 | 7,000 | 4,400 | 3,620 | 3,200 | 1,760
10,200 | 7,230 | 4,200 | 4,200 | 2,790 | 1,760
il > ¢ ¢l
2,110 | § 080 | 5970 | 180 | 5580 | 7,50 | 1760
g 9,180 | 6,770 | 4, , 2500 | 1,
1,620 | 1,650
’ ’ 8,930 | 6,320 | 5,030 | 5,880 | 2,500 | 1,650,
8,680 | 6,100 | 6,770 | 6,540 | 2,230 | 1,650
3,810 | 8,430 | 5,450 | 7,950 ;,ooo 2100 | 1,60
20 | 7,950 | 5,070 | 8,680 | 7,950 | 1,980 | 1
5,660 | 7,950 | 4,820 | 9,180 | 8,680 | 2100 | 1,550
6,540 | 7,470 | 4,820 | 9,180 | 8,930 | 2,100 | 1,650
7,930 | 7,000 | 4/610 | 9,430 | 8,680 | 2,230 | 1,650
a8 ban | was Sh 2| Led
11,200 0 | 4,200 0| 7,95
1,800 | 1,020 11,800 | 6,100 | 4,000 [10,700 | 7,470 | 1,870 | 2,100
12,800 | 5,660 | 4,000 11,500 | 7,000 | 1,980 | 1,980
e R L
7800 | 5,030 | 3, ; ; ,
131100 | 4,820 | 3,440 (12600 | 6,320 | 1,760 | 2360
13,100 | b, 3,440 (13,100 | 6,320 | 1,760 | 2.230
12,800 | 6,320 | 3,440 [13,700 | 6,100 | 1,760 | 2,100
12,600 | 5,450 | 3,620 [13,700 | 6,100 | 1,760 | 1,980
12,800 | 5,240 | 3,440 [13,700 | 5,880 | 1,760 | 1,980
oo [58| 15| SH8 i 58 128 LA
,990 113100 | 5,240 | 3, A , ; .
12] 600 0 0 (11,00
12,300 | 6,100 | 3,440 [10,700 | 4,610 | 1,980 | 1,450
,
....... 12,300 | 6,320 | 3,620 | 9,940 | 4,400 | 1,980 | 1,360
1120600 | 6,770 | 3)810 | 9,430 | 4,200 | 1,870 | 1,180
....... 12600 |.......| 4,000 |.....:.| 3,810 | 1,870 |..." ...

NoTE.—Stage-discharge relation affected by ice Dec. 16 to Mar. 7.
30 to July 1 caused by regulation at dam upstream.

included.

Sudden decrease in flow from June

Braced figures show mean discharge for periods

Monthly discharge of Rock River, at Rockford, Ill., for the year ending Sept. 80, 1917

[Drainage area, 6,520 square miles.]

Discharge in second-feet. Run-off

(deﬁ)th in

Month. Per mches on

Maximum. | Minimum. | Mean. square drainage

mile. area).

3,560 0. 546 0.63
3,910 .600 .87
3,310 .508 .59
1,790 275 .32
1,840 .282 .29
9,060 1.39 1.60
7,070 1.08 .20
4,590 704 .81
9,630 1.48 1.65
July. . . 6,020 .923 1.06
August. ...l 2,120 .325 .37
September...... ... ..ol 2,360 1,180 1,800 .276 .31
The year.....ooeeoiemoaeiaiaaeaannn.. 13,700 | 1,180 | 4,570 .701 9.50

ROCK RIVER AT LYNDON, ILL.

Location.—In sec. 21, T. 20 N., R. 5 E., at highway bridge known as Lyndon Bridge,
in eastern part of Lyndon, Whiteside County; about 10 miles above Rock Creek
and 20 miles below dam at Sterling.

DRAINAGE AREA.—9,010 square miles.

REcorps AvAmABLE.—November 24, 1914, to September 30, 1917.

GaaE.—Chain gage attached to bridge; read by John Shepard.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND CoNTROL.—Gravel; may shift.
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ExTREMES OF DIScHARGE.—Maximum stage recorded during year, 15.2 feet March 14
(discharge not determined because of backwater from ice); maximum open-water
stage recorded, 12.6 feet at 7 a. m. June 14 (discharge, 21,400 second-feet); mini-
mum stage recorded, 4.6 feet at 5 p. m. September 2 (discharge, 1,170 second-feet).

1915-1917: Maximum stage recorded, 18.0 feet January 22 and 23, 1916 (dis-
charge not determined because of backwater from ice); maximum open-water
stage recorded, 17.0 feet March 28, 1916 (discharge, 39,500 second-feet). Mini-
mum discharge recorded, 1,170 second-feet at 5 p. m. September 2, 1917.

Ice.—Stage-discharge relation seriously affected by ice. ‘

Drversions.—Water is diverted at Sterling dam to feed Illinois and Mississippi canal;
probably averages about 100 second-feet.

ReguraTioN.—Operation of power plant in city of Sterling causes fluctuation at
gage. Fluctuations slight except during low stages. .

Accuracy.—Stage-discharge relation changed during March; affected by ice durin,
winter. Rating curves well defined. Gage read to hundredths twice daily.
Diurnal fluctuation at gage not large. Daily discharge ascertained by applying
mean daily gage height to rating table, except for period when stage-discharge
relation was affected by ice, for which it was ascertained from gage heights,
observer’s notes, weather records, and record of flow of Rock River at Rockford,
I11., and Afton, Wis. Records good for medium and high stages and fair for very
low stages during open-water periods; poor for winter period.

Daily discharge measurements of Rock River at Lyndon, Ill., during the year ending
Sept. 30, 1917.

", [Made by H. C. Beckman.}

Gage Dis-
height. | charge.

Feet. Sec.ft.
£S5 4 5.31 2,060
1 .7 Y 4.82 1,430

Daily discharge, in second-feel, of Rock River at Lyndon, Ill., for the year ending Sept. 30,
1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

10,600 | 8,080 | 5,500 {10,100 | 8,540 | 2,210
10,400 | 9,330 | 5,720 10,600 | 3,360 [ 1,710
10,200 | 9,580 | 5,290 [11,500 | 3,180 | 2)210
10,000 | 9,330 | 6,170 [10,400 | 2,840 | 2.360
9,830 | 8080 | 6,630 [10,600 | 2,520 | 2 520

2,780 | 2,910 | 3,980 | g g3 | 7,340 | 77580 10,600 | 2,840 | 1,920
9,530 | 7,580 | 9330 [10,400 | 3,010 | 2210

5,720 | £ %30 10,100 | 2,840 | 2520

9,330 | 6,400 | 9,580 [10,100 | 3,020 | 1920
9,080 | 6,170 | 9,580 | 9,830 | 2,680 | 2680

8,580 | 5,940 | 9,830 [ 0,830 | 2, 2,520

3080 | 5,720 | 9830 | 9,330 | 2,210 | 2/6%0

7/830 | 5,200 16,000 | 8,830 | 3,010 | 2,68

7,340 | 5,200 |20)200 | &,830 | 3,010 | 2,680

7,580 | 5,080 |18,500 | ,080 | 2,680 | 2,680

2,530 | 2,410 17,500 | ¢ c60 | 4,280 (14,500 | 7,340 | 2,680 | 2,520

6,400 | 4,280 14,200 | 7,830 | 2,680 | 2320

6,630 | 4,090 [13,000 | 6860 | 2,680 | 21680

6 *900 11,800 | 6,630 | 2,060 | 2/520

6,170 | 2,840 | 9,580 | 7,830 | 2] 2,520

18,100 | 6,630 | 3,900 | 8,330 | 8,080 | 2,520 | 2,520

40 17,300 | 7,340 | 3,900 | 7,310 | 6,400 | 710 | 2’680
53) 16,500 | 7330 | 4,090 } 7,100 | 6,490 | 2]060 | 2’210
530 15,700 | 7,580 | 4,680 | 7,100 | 5,290 | 2:360 | 2,680
340 2,520 |15,000 | 7580 | 4,880 | 6,860 | 5,500 | 2,210 | 2,680
980 |{3,39 | 2,750 2,520
530 A 2,520
530 2,680
530 20520
340 2,360

Nore.—Stage-discharge relation affected by ice Dec. 11 to Mar. 20. Discharge Mar. 21-23, 25, 27, 28, 30,
and Apr, 1,3, 4, and 6 interpolated. Braced figures show mean discharge for period included,
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Monihly discharge of Rock River at Lyndon, IlL., for the year ending Sept. 30, 1917.

[Drainage area, 9,010 square miles.]

Discharge in second-feet. Rum-off
(depth in
Month. Per inches on
Maximum. | Minimum. | Mean. square | drainage
mile. area).
October. . ....oveneo it R 5,950 2,680 3,740 0.415 0.48
November. 5,520 3,800 4,500 .499 .56
December. .- 4,060 451 .52
Janpuary... .- 2,690 299 2
February.. . 2,620 .291 .30
March..... N PRSP RRRORPIN PR 12,000 1.33 1.53
"7710,600 6,170 8,060 .895 1.00
, 580 2,840 5,710 .634 .73
June.. 200 5,290 9,840 1.09 1.22
July.... 11,500 3,180 7, .870 1.00
August. 3,540 1,710 2,570 .285 .33
September 2,680 1,710 2,450 272 .30
N TR U FUUU S 5,520 | .613 8.31

YAHARA RIVER NEAR EDGERTON, WIS.

LocarioNn.—At highway bridge in sec. 3, T. 4 N,, R. 11 W., 1 mile above mouth of
Badfish River (coming in from right) and about 5 miles southwest of Edgerton,
Rock County.

DrAINAGE AREA.—380 square miles (measured on map issued by Wisconsin and Geo-
logical History Survey, edition of 1911; scale, 1 inch=6 miles).

RECORDS AVAILABLE.—September 27, 1916 to November 23, 1917, when station was
discontinued.

Gacge.—Friez water-stage recorder in a wooden well fastened to the right-hand down-
stream wing wall.

DisCHARGE MEASUREMENT.—Made from downstream side of highway bridge.

CHANNEL AND CONTROL.—Bed composed of gravel, control is head of rapids a short
distance downstream. During the summer months grass grows in the channel
and on the control affecting stage-discharge relation.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 3.13 feet 2 a. m., June 13, 1917
(discharge, 1,390 second-feet); minimum stage, 1.64 feet 5 p. m., October 8, 1916
(discharge, about 118 second-feet).

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation not permanent; affected by grass and ice.
Rating curve well defined between 290 and 780 second-feet; extended and sub-
ject to error above and below these limits. Operation of water-stage recorder
satisfactory throughout the year. Daily discharge ascertained by discharge
integrator; shifting-control method used September 27 to October 8, 1916, and
June 1 to October 31, 1917; discharge December 14 to March 21 ascertained from
discharge measurements, gage heights, and weather records. Open-water records
good; winter records subject to error.

Discharge measurements of Yahara River near Edgerton, Wis., for the period Sept. 28, 1916.
to November 23, 1917.

Gage Dis- o Dis-

Date. Made by— height. | charge. Date. Made by . | charge.

1916, Feet. | Sec.ft. 1917, . | Sec.-ft.

Sept. 28¢| E, L, Willjiams......... 2.38 260 || Feb. 26c| E. L, Williams......... 3 155

Oct. 13 [..... do. e . 2.46 362 || Mar. 26 mW. G. Hoyt............ 2 695

Dec. 19°|..... L [ T 2.75 194 || May 22 | Hoyt and Williams. ... 421

July 17¢) W. G. Hoyt....... 214

1917, Nov. 8 | R. B. Kilgore 379
Jan. 23¢|..... Lo [ PN 2.96 175

@ Grass growing in channel. ¢ Complete ice cover at control. -

b Almost complete ice cover at control. @ Possible grass growth at control.
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Daily discharge, in second-feet, of Yahara River near Edgerton, Wis., for the period Sept.
27, 1916, to Nov. 23, 1917.

Day. Sept. | Oct, | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June, | July. | Aug. | Sept.

1916-17,

430 | 365} 177 | 131 137 | 718 | 671 | 327 | 237 | 274 232
466 | 331 | 186 | 125| 141 | 618 554 | 380 | 227 | 283 253
446 | 324§ 177 | 139 | 137 584 | 509 | 317| 216 | 278 241
414 | 318} 183 158 129 599 | 500 | 332 | 218 | 315 242
429 [ 319 | 177 | 157 | 141 621 | 420 300| 217 | 258 263

Norte.—Stage-discharge relation affected by grass Sept. 27 to Oct. 8, 1916, and June 1 to Oct. 31, 1917;
affected by ice, Dee. 14 to Mar. 31, Discharge partially estimated Sept. 29 and 30, 1916, Apr. 14, and May
26-27, 1917, No gage-height record July 14-17; discharge estimated.

Monthly discharge of Yahara River near Edgerton, Wis., for the period Oct. 1, 1916, to Now.

28, 1917.
Discharge in second-feet. Run-off
(depth in
Month. Per inches on
Maximum. | Minimum:{ Mean. | square | drainage
mile. area).
1916-17.
OCtODeT -« et 541 236 381 1.00 1.15
659 335 408 1.07 .19
365 [...ooann.... 258 .679 .78
193 141 166 . 437 .50
163 120 143 .376 .39
972 129 450 1.18 1
718 368 503 1.32 1.47
671 283 368 . 968 1,12
517 222 299 787 .
278 196 224 . 589
303 240 298 .784 .90
275 216 242 . 637 .71
Q7 120 313 824 11.13
[ 170137 PR 345 225 266 .700 .81
November 1-23. .. .. oo iiiiiiiiai i 372 304 335 .882 .75
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PECATONICA RIVER AT DILL, WIS.

LocatioN.—In sec. 6, T. 1 N., R. 6 E., at Illinois Central Railroad bridge at Dill
(Ramona post office), Green County, about 1 mile below junction of east and
west branches of Pecatonica River and 9 miles above Illinois State line. -

DRAINAGE AREA.—959 square miles (measured en map issued by Wisconsin Geological
and Natural History Survey, edition of 1911; scale, 1 inch==6 miles).

RECORDS AVAILABLE.—February 9, 1914, to September 30, 1917.

Gage.—Chain gage fastened to downstream side of bridge; prior to August 2, 1916,
vertical staff gage on left abutment Gage read by W. C. Shadewaldt and S. A.
Frank. ’

D1scHARGE MEASUREMENTS.—At low and medium stages made from upstream side
of highway bridge about 400 feet above the gage; during extremely high water
considerable water overflows to left of highway bridge and measurements are
made from railroad bridge to which the gage is attached.

CHANNEL AND CONTROL.—Bed composed of sand and silt; undoubtedly shifting.
Banks are only of medium height and are overflowed at flood stages. Except
during extreme flood stages all the water passes under the bridge to which the
gage is fastened. There is little fall in the river below the gage and no well-
defined control.

EXTREMES OF DISCHARGE.—Maximum stage recorded durmg year, 12.6 feet at 7
a. m. March 15 (discharge, about 4,500 second-feet); minimum discharge, 260
second-feet January 20-22. .

1914-1917: Maximum stage, 19.1 feet March 27, 1916, determined from flood
marks by leveling (discharge, about 13,100 second-feet); minimum discharge,
January 20-31, 1915 (estimated mean discharge 245 second-feet).

Ice.—Stage-discharge relation affected by ice.

RecuLaTioN.—Operation of dams at Argyle, on the East Branch of Becatonica River,
and at Darlington, on the West Branch of Pecatonica River, cause little if any
diurnal fluctuation at the gage.

Accuracy.—Stage-discharge relation changed somewhat during the period between
June and September; also affected by ice. Rating curve used October 1 to June
30 well defined between 350 and 1,520 second-feet and fairly well defined between
1,520 and 6,000 second-feet; extension of the curve above 6,000 second-feet is
based on the flow of Pecatonica River at Freeport, I1l. Discharge, June 14 to
September 30 determined by shifting-control method; discharge for rest of
open-water period ascertained by applying mean daily gage height to rating
table; for period of ice effect determined by applying to rating table mean
daily gage height corrected by means of discharge measurements, observers’ notes,
and weather records. Open-water records goods except those for July to Septem-
ber, which are only fair; winter records subject to error.

Discharge measurements of. Pecatonica Rwer at Dill, Wis., during the year ending
Sept. 30, 1917.

Gage Dis- - Gage | Dis-
Date. Made by— height. | charge. || Date- Made by height.| charge.
Feet. | Sec.-ft. Feet. Sec.géb
Dec. 21¢| E, L. Williams......... 1.40 279 || Feb. 27¢] E. L. Wiliams......... 177
Jan. 25¢|..... [ s PO 1.78 279 || May 23 | Hoyt and Williams..... 2.04

a Complete ice cover.
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Daily discharge, in second-feet, of Pecatonica River at Dill, Wis., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb, | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
390 474 |, 438 265 270 524 537 630 565 356 290
390 474 438 270 270 325 524 698 809 551 367 290
402 474 426 270 270 350 498 846 | 1,840 486 356 290
390 474 426 270 275 400 486 630 | 1,800 450 356 290
390 450 438 270 275 450 486 551 | 1,160 438 356 295
378 450 | 438 524 11,320 426 356 314
378 462 402 486 | 1,560 438 414 325
378 474 402 462 | 1,600 426 462 356
367 537 414 462 | 1,280 414 414 367
367 537 390 462 | 1,000 | 402 335 325
367 511 390 450 846 402 312 305
402 462 365 450 809 390 325 302
390 | 450 355 438 | 2,880 390 | 312 320
4.3% 426 345 426 | 1,970 378 323 378

402 335 426 | 1,240 367 320 356

.. 280 414 664 498 304 305
2 s 630 498 270 462 664 414 304 323
P B 596 474 275 772 524 378 300 323
29 486 414 275 551 524 367 297 304
30, 511 414 270 511 551 378 293 300
1 S 486 (....... 265 630 [....... 367 203 (.......

Norte.—Stage-discharge relation affected by ice Dec. 12 to Mar. 19.

Monthly discharge of Pecatontica River at Dill, Wis., for the year ending Sept. 80, 1917,

[Drainage area, 959 square miles.]

Discharge in second-feet. Run-off

~-| (depth in

Month. Per inches on

Maximum. | Minimum. | Mean. square »dm?e
October. .. .. ... 846 367 448 0.467 0.54
November. . .- 537 390 458 .478 .53
December. . R 438 265 340 . 355 .41
January .. - 275 260 269 . 280 .32

February.. ... ... 300 270 279 291 .
March .. ..o 4,430 300 1,800 1.88 2.17
April. .o 1,200 402 515 .537 .60
MY . e i 846 414 504 .526 .61
June. ... .o 2,880 498 981 1.02 .14
JUbY . i 345 423 .441 .51
August. oo 462 293 329 L343 .40
September.... .. ....o..iiiiiiiiiiiiiiii 378 290 321 335 .37
The year. . o.courieaeieeaaaaiiaaeananns 4,430 260 558 .582 7.90

PECATONICA RIVER AT FREEPORT, ILL.

LocatioNn.—In sec. 32, T. 27 N., R. 8 E., at highway bridge at Hancock Avenue,
half a mile east of Illinois Central Railroad station at Freeport, Stephenson
County, and 2 miles above mouth of Yellow Creek.

DraINAGE AREA.—1,330 square miles.

REcorDps avamasLe.—September 10, 1914, to September 30, 1917.

o
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Gaae.—Chain gage attached to upstream side of bridge; read by W. C. Krueger.

DiscEARGE MEASUREMENTS.—Made from upstream side of bridge.

CHANNEL AND cONTROL.—Bed composed of sand and silt; likely to shift. Left
bank is of only medium height and is overflowed during high water. At stages
above about 16.0 feet part of the flow passes over the left bank and through East
Freeport. .

EXTREMES oF DISCHARGE.—Maximum stage recorded during year, 16.0 feet at 8 a. m.
March 16 (discharge, 6,140 second-feet); minimum stage, 3.5 feet August 31 and
September 2 (discharge, 239 second-feet).

1914-1917: Maximum stage recorded, 19.4 feet March 28, 1916 (discharge,
17,000 second-feet); minimum discharge recorded August 31 and September
2, 1917. :

Ice.—Stage-discharge relation seriously affected by ice.

REGULATION.—A dam and power plant three-fourths mile upstream regulate flow
past gage. Only slight diurnal fluctuation is noticeable. .

Accuracy.—Stage-discharge relation changed, probably after high water in June;
affected by ice during winter. Rating curve used to June 30 well defined; curve
used August 21 to September 30 fairly well defined. Gage read to hundredths
twice daily. Daily discharge ascertained by applying mean daily gage height
to rating table; shifting-control method used July 1 to August 20. Records
good for medium and high stages and fair for low stages during open-water periods,
winter records poor.

The following discharge measurement was made by H. C. Beckman:
August 31, 1917: Gage height, 3.50 feet; discharge, 233 second-feet.

Daily discharge, in second-feet, of Pecatonica River at Freeport, Ill., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
632 ) 57 824 | 1,220 135 395 335
612 757 | 1,020 | 1,320 755 395 264
593 735 990 | 1,500 715 380 335
574 714 847 1 1,680 656 395 335
632 652 801 | 1,650 600 380 350

390 | 430 | 1,140
693 693 779 | 1,740 675 335 471
757 672 757 [ 2,020 | - 656 380 410
894 632 714 | 2,060 600 542 380
942 593 672 | 1,920 582 490 395
894 593 632 | 1,770 582 458 380
693 450 574 612 | 1,590 564 426 335
502 830 565 574 | 1,440 546 410 320

395 405

400 3,060 990 574 801 474 278 365

475 1 2,340 | 1,440 801 990 580 335 202
445 1,440 966 693 942 524 335 306

T R 1,040 |....... 426 3350,

NoTte.—Discharge Dec. 15 to Mar. 10 estimated because of ire from gage heights, observer’s notes, weather
records, and records of flow of Pecatonica River at Dill, Wis. Braced figures show mean discilarge for
periods indicated.

4
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Monithly discharge of Pecatonica River at Freeport, Ill., for the year ending Sept. 30, 1917.

[Drainage area, 1,330 square miles.]

Discharge in second-feet.

8 ) Run-off

g}e th in

Month. Per 1es on

s (h‘a]nage

Maximum, | Minimum. | Mean. sgltiia:e area).
[076275) 7 1,120 485 710 0.534 0.62
894 709 .533 . 59
515 . 387 45
411 .309 36
434 .326 34
2,610 1.96 2.26
815 .613 68
693 .521

.. . 1,470 1.11 1.24
July...... . 426 552 .415 .48
August. .. . 542 278 375 .282 .33
September. . ....cooviririninnii i 471 264 352 .265 .30
The Fear. . -ceeeovnemremnaaariiaaaaaaa. 6,140 264 806 606 8.25

SUGAR RIVER NEAR BRODHEAD, WIS.

LocaTtion.—In sec. 26, T. 2 N., R. 9 E., at highway bridge 2 miles southwest of
Brodhead, Green County, about 12 miles above Illinois State line. Jordan Creek
enters from right about 2 miles below station, and Little Jordan Creek, also from
right, about 4 miles above.

DRAINAGE AREA.—529 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911; scale, 1 inch=6 miles).

RecorDs AvaiLABLE.—February 7, 1914, to September 30, 1917.

Gace.—Chain gage attached to downstream side of bridge; read by Arthur Chris-
tensen.

DisCHARGE MEASUREMENTS.—Made from upstream side of bridge or by wading.

CHANNEL AND cONTROL.—Bed composed of sand and gravel; control not well defined.
Right bank of medium height; rarely overflowed. Left bank at the gage over-
flowed at stage of about 7 feet on the gage.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 6.48 feet at 4.30
p. m, June 13 (discharge, 2,710 second-feet); minimum discharge about 85 sec-
ond-feet February 11.

1914-1917: Maximum stage recorded, 11.4 feet, September 13, 1915 (discharge
about 13,000 second-feet) ; minimum stage recorded, 0.4 foot at 10 a. m., Sunday,
August 30, 1914, when water was undoubtedly being held at the dam (discharge,
determined from extension of the rating curve, about 74 second-feet).

Ior.—Stage-discharge relation affected by ice.

Accuracy.—Stage-discharge relation not permanent; control changed somewhat by
floods. Two rating curves as used for 1917, both only fairly well defined between
228 and 4,500 second-feet. Gage read daily to quarter-tenths. Daily discharge
ascertained by applying mean daily gage height to rating table, except for periods
of ice effect, for which it is ascertained by applying to rating table mean daily
gage height corrected by means of discharge measurements, observer’s notes, and
weather records. Open-water records fair; winter records roughly approximate.
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Discharge measurements of Sugar River near Brodhead, Wis., during the year ending
Sept. 80, 1917.

Date. Made by— hgiag%et. chI;;Sge Date. Made by— hgagﬁ‘ chI;,Irsg-e.
Feet. | Sec.ft. Feet. | Sec.-ft.

Dec. 21e| E. L, Williams.........[ 2.15 162 || Feb. 27a| E. L, Williams......... 2.58 138
Jan, 254|..... Lo 1o R 2.33 144 || May 23 | Hoyt and Williams..... 2.01 374

a Practically complete ice cover.

Daily digcharge, in second-feet, of Sugar River near Brodhead, Wis., for the year ending
Sept. 80, 1917.

Day. Oct, | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June, | July. | Aug. | Sept.

237 296 296 160 185 160 370 620 475 660 262 262
246 284 274 180 165 160 388 660 660 580 222 173
246 296 237 175 170 165 354 620 830 475 222 222
237 274 274 165 150 140 405 423 830 370 222 235
228 237 274 160 170 170 370 370 875 338 210 248

354 | 322{1,060| 38| 248| 248
338 | 338 '920| 440°| 248 306
276 | 333| 875| 405| 262 338
322| 322 785| 322| 28| 197
276 | 322| 545! 306 | 306! 322

276 276 338 306 322 306
. 201 276 440 338 248 235
276 222 | 2,710 338 276 276
276 262 | 2,350 306 262 ggé

248 276 740 475 291 222
262 262 580 475 262 262
291 262 475 405 248 248
423 248 458 306 173 262
920 222 405 291 222 210

264 274 170 160 338 222 248 262
335 264 150 185 492 322 510 248 248 162
308 |....... 145 155 |.vaeens| 405 |....... 338 Joeennn. 248 276 |....-..

Nore.—Stage-discharge relation affected by ice Nov. 24, 25, and Dec. 11 to Mar. 20.

Monthly discharge of Sugar River near Brodhead, Wis., for the year ending Sept. 30, 1917.
[Drainage area, 529 square miles.]

Discharge in second-feet.
ge Run-off
(d(?ﬁ)th in
Month. : Per inches on
Maximum. | Minimum. | Mean. | square dmma;ge
ile. area).
October.. ... ... il 505 168 281 0. 531 0.61
November. ........ocooeiiiinnann.. e 383 228 289 . 546 .61
- 322 145 211 .399 .46
185 130 156 .295 34
185 85 155 .293 31
1,830 140 810 1.53 1.76
920 222 378 .715
660 222 337 .637 .73
2,710 338 |. 797 1.51 1
. 222 353 . 667 W77
322 150 246 . 465 54
338 128 249 .471 53
2,710 85 356 .673 9.14
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. IOWA RIVER AT MARSHALLTOWN, IOWA.

LocaTion.—In T. 84 N., R. 18 W., at Third Avenue highway bridge, 1 mile north of
Marshalltown, Marshall County, and about a mile below site of old gaging station.

DRAINAGE AREA.—1,380 square miles (measured on map issued by United States
Geological Survey; scale, 1 to 500,000).

RECORDS AVAILABLE.—May 21, 1915, to September 30, 1917; February 23, 1903, to
August 8, 1903, for old site a mile above present station.

Gace.—Chain gage attached to downstream handrail of bridge, 60 feet from right piert

read by B. S. Beehrle.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge, to which gage is
attached.

CHANNEL AND CONTROL.—Bed of stream sandy and subject to change; right bank not
subject to overflow; left bank will be overflowed at stages above 13 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 14.4 feet March 27
(discharge, 9,640 second-feet); minimum stage recorded, 2.32 feet October 9 (dis-
charge, 56 second feet).

Ice.—Stage-discharge relation seriously affected by ice; observations discontinued
during winter.

Accuracy.—Stage-discharge relation not permanent. One rating curve, well defined
below 2,000 second-feet, used during 1917. Gageread once daily to hundredths.
Daily discharge ascertained by applying daily gage height torating table. Open-
water records good.

Discharge measurements of Iowa River at Marshalltown, Towa, during the year ending
: Sept 80, 1917.

. Gage Dis- - Gage | Dis-
Date, Made by height. | charge. Date. Made by height. | charge.
Feet Sec.-ft. Feet Sec.-;'t.
Nov, 1la| C. Herlofson........... 2.56 134 | June 26 | Bolster and Herlofson..| 4.24 69
June 26 | Bolster and Herlofson..| 4.24 775 || Sept. 13 | C. Herlofson. .......... 2.78

a Measurement made from a boat.

Daily discharge, in second-feet, of Towa River at Marshalltown, Towa, for the year endmg
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
260 590 590 163 69
320 472 180 78
420 | 1,020 472 129 97
520 60 434 7 107
620 | 2,160 415 100 129
360 | 3,640 434 107 180
: 160 | 7,100 415 81 180
8. 060 | 6,760 | 472 129 163
. 975 | 6,980 472 180 268
10. 840 | 8, 630 198 396
... 750 | 8,110 670 180 286
12.. 710 | 7,100 550 163
13. 670 , 660 453 198
14. . 97 630 [ 4,580 396 215 163
15. . 590 | 3,730 377 198 129
16.. 500 | 2,810 396 163 129
17.. 55 | 1900 | 415| 146 113
18. 453 | 1,420 377 146 107
19. 511 | 1,220 377 163 97
20. a5 Loo| 32| 146 9
2., 434 975 377 113 84
22... 511 930 340 87 81
23. 550 885 340 113 87
24, 590 840 530 113 91
25. 590 795 434 129 97
2. .. 550 750 359 146 107
27... 550 750 340 146 100
28. .. 434 710 286 146 97
29. 472 670 268 69 91
30. 511 630 233 75 97
31 511 |.eeneas 198 | 2 3 PO,
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Monthly discharge of Towa River at Marshalltown, Iowa, for the year ending Sept. 30,1917,

[Drainage area, 1,380 square miles.j

Discharge in secoad-feet.
Run-off
. (depth in
Month. Per inches on
N Maximum, | Minimum. | Mean. square dg}“’;;’;fge
163 103 0.075 0.09
233 113 143 104 .12
146 69 113 . .082 .05
9,640 1,160 5,430 | 3.93 2.05
1,960 670 1,060 .768 .86
1,620 415 778 . 564 .65
8,220 590 2,850 2.06 2.30
670 198 416 301 .35
233 69 140 .101 .12
396 69 139 101 A1

IOWA RIVER AT IOWA CITY, IOWA.

Location.—In T. 79 N., R. 6 W. at highway bridge about 500 feet below Chicago,
Rock Island & Pacific Railway main-line bridge; about three-quarters of a mile
below Iowa State University’s power plant, three-quarters of.a mile down-
stream from old gaging station, which was at county highway bridge a short
distance above dam.

DRAINAGE AREA.—3,140 square miles (measured on map issued by United States:
Geological Survey; scale, 1 to 500,000). .

REecorDs AvamLABLE.—October 30, 1913, to September 30, 1917, at present site; June
11, 1903, to July 21, 1906, for old gaging station.

Gaeg.—Chain gage, attached to upstream handrail of bridge about 40 feet from left-
hand end of first span from left bank; read by Ray Stramp, C. P. McGrath, and
A. Kostal.

DiscHARGE MEASUREMENTS.—Made from bridge to which gage is attached, or from a
boat about 1,000 feet below highway bridge.

CHANNEL AND CONTROL.—Bed composed of sand; subject to change. Right bank
high and will not be overflowed ; left bank will be overflowed at high stage under
a pile trestle approach to the bridge and beyond the left end of the approach at
extremely high stage.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 8.8 feet June 7
(discharge, 6,950 second-feet); gage not read during high water June 9-22. Mini-
mum stage recorded, —.50 foot December 26 (discharge, about 10 second-feet).
Maximum stage ever recorded, about 15 feet (old gage) night of June 2-3, 1903
(discharge, about 20,000 second-feet); minimum discharge, about 10 second-feet
December 26, 1916.

Ice.—Stage-discharge relation affected by ice; observations discontinued during
winter.

ReguraTION.—Considerable diurnal fluctuations at low stages owing to operation of
power plant above station.

Accuracy.—Stage-discharge probably permanent during year. Rating curve well
defined between 142 and 11,000 second-feet. Gage read once daily to half-
tenths. Daily discharge, except as noted below, ascertained by applying daily
gage height to rating table. No gage readings available October 1-3, March 15 to
April 10, and June 9-22; discharge estimated from record of discharge at Marshall-
town. Records for periods in which discharge was estimated and in which it was
less than 142 second-feet fair; records for periods of low water with marked diurnal
fluctuation are of doubtful value; other records excellent.
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Discharge measuremenis of Towa River at Towa Ciuty, Towe, during the year ending
Sept. 80, 1917.

. Gage Dis- - Gage | Dis-
Date. Made by height. | charge. Date. Made by height. | charge.
Feet. | Sec.-ff. Feet. | Sec~ft.
Nov. 21 | C. Herlofson .. ......... 0.39 193 || June 23 | C. Herlofson. . ......... 5.02 , 1
28 | Students, University of Sept. 16 [....- Lo 10 .
1oWaeeeeniiacnaannnn .78 340
28 j..... Lo 0 R .78 334
Daily discharge, in second-feet, of Towa River at Towa City, Towa, for the year ending
: Sept. 80, 1917.
Day. Oct. | Nov. | Dec. | Apr. | May. | June. | July. | Aug | Sept.
75| 261|280 2,520 | 1,100 | 1,500 | 445 280
180 280 | 300 2,360 | 2,420 [ 1,310 | 340 218
150 236 280 2,210 | 3,620 | 1,240 422 490
112 236 236 2,140 | 3,620 | 1,240 422 422
56 236 261 2,500 2,210 | 5,000 | 1,180 300 300
86 236 261 ’ 2,360 | 6,730 | 1,120 340 1,060
207| 236 261 2,360 | 6,950 | 1,060 735 | 1,060
42) 261| 280 2,140 6,730 | 1,060 512 1,240
207 320 300 1,920 ‘11,180 400 1,240
174 300 280 1,780 950 340 1,180
207 261 261 | 1, 1,570 895 422 785
174 236 200 1,570 | 1,500 895 340 635
320 261 136 | 1,440 | 1,380 950 320 735
207| 236| 07| 1,380 1,310 950 | 422 490
35 218 121 | 1,310 | 1,180 7 500 840 229 512
158f 168 22| 1,310 120 810 2 360
225 184 22 1,240 1,000 785 360 467
174 136 82 , 180 950 950 261 445
158 136 22 | 1,120 950 840 261 422
112 152 22 | 1,180 840 785 360 400
29 168 22| 1,380 950 735 320 380
29 218 22| 1,700 | 2,140 785 300 261
225 261 22| 1,440 | 1 3,170 635 243 340
243 280 17| 1,380 | 1,630 | 3,440 735 204 467
280 280 14| 1,240 | 1,440} 2,520 221 380
280 168 10( 1,180 1,310} 2,28 635 188 467
280 152 221 1,180 1,120} 2,060 685 239 422
300] 168 22| 1,180 | 1,060| 1,780| 635| 261 445
243 184 26| 1,310 1,060 | 1,780 560 300 225
261 218 32| 1,640 | 1,060 1,500 610 280 261
243 |.eeaoiol 30 feeuanans 1,240 |o.....ll 610 261 foeoeoe.n

Monthly discharge of Iowa River at Iowa City, ITowa, for the year ending Sept. 30, 1917,

[Drainage area, 3,140 square miles.]

i i -feet.
Discharge in second-feet Run-off
(depth in
Month. Per izilra es on
: - inage
Maximum. | Minimum. | Mean. sgnlglaér.e area).
29 177 0.056 0.06
136 223 071 .08
10 12 <041 .05
1,120 1,840 .586 .65
840 1,570 .500 .58
1,120 5,230 1.666 1.86
560 898 -286 .33
188 331 105 .12
218" 546 .174 .19

96719°—19—wsp 455——10
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IOWA RIVER AT WAPELLO, IOWA.

LocarioNn.—In sec. 27, T. 74 N., R. 3 W, at highway bridge about half a mile from
railroad station at Wapello, Louisa Oounty, and 20 miles from mouth of Iowa
River. No large tributaries enter near station.

DrAINAGE AREA.—At gaging station, 12,480 square miles; at mouth, 12,600 square
miles (measured on map issued by United States Geological Survey; scale, 1 to
500,000).

RECORDS AvAILABLE.—February 26, 1915, to September 30, 1917.

Gace.—Chain gage attached near center of first span from right abutment; read by
C. W. Warren.

DISCHARGE MEASUREMENTS.—Made from bridge to which gage is attached.

CHANNEL AND cONTROL.—Bed composed of sand and gravel; shifts slightly. Right
bank high and will not be overflowed; levee along left bank might break or be
overtopped at extremely high stages.

EXTREMES OF DISCHARGE.—Maximum sta.ge recorded during year, 13.2 feet, Ma.rch
29 (discharge, 52,000 second-feet); minimum discharge, 400 second-feet’ Decem-
ber 15-17. Maximum known stage prior to 1917, about 14.3 feet about April
3, 1912 (discharge, about 58,000 second-feet). The flood of June, 1892, was
much higher.

IcE.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation nearly permanent; one rating curve used during
1917, well defined throughout. Gage read once daily to hundredths. Daily
discharge, except as noted below, ascertained by applying daily gage height to
rating table. Stage-discharge relation affected by ice December 14 to March 9;
discharge ascertained from one discharge measurement, observer’s notes, gage
heights, and weather records. Open-water records excellent; winter records
fair.

Discharge measurements of Iowa River at Wapello, Towa, during the year ending Sept.

30, 1917.
. Gage Dis- e | Dis-
Date. Made by— height. | charge. Date. Made by— hgﬁxt. charge.
Feet. | Sec.-ft. Feet. | Sec.-ft.
Nov. 20 C. Herlofson............ 0.52 1,680 || Mar. 29 | Davis and Herlofson...{ 12.9 | 50,200
Jan. 3¢|..... L T J54 650 || Sept. 18 | C. Herlofson............ 94 2,260

& Stage-discharge relation affected by ice.



UPPER MISSISSIPPI RIVER BASIN, 147

Daily discharge, in second-feet, of Towa River at Wapello, Iowa, for the year ending Sept.

30, 1917,
Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1,770 [ 650 | 1,000 | 1,000 30,200 {10,500 | 5,510 |13,900 | 3,790 { 1,840
1,770 650 900 | 1,00Q |24,200 {11,500 | 6,220 {13,200 | 3,400 | 1,840
1,700 650 800 | 1,000 |19,600 |10, 800 | 9,880 {10,200 | 3,210 | 2,210
1,700 650 700 | 1,000 [18,000} 9,880 {12,200 | 9,260 | 2,850 | 3,030
1,700 | 650 | 700 ] 1,000 {12,800 11,200 [14,600 | 8,360 | 3,030 | 3,990
1,700 | 6501 700 | 1,000 {14,600 |11,200 {21,700 | 8,070 | 2,850 | 4,620
1,700 650 600 | 1,000 10,500 }10,500 [24,700 | 7,510 | 5,060 | 5,980
1,700 700 600} 1,000| 9,570} 9,260 [25,600 | 7,510} 5,280 | 9,570
1,630 | 800| 600} 1,500 9,260 8,660 26,500 | 8,070 | 3,990 | 6,980
,500 1 800| 600 3,400 | 8,960 | 8,660 {26,500 | 6,980 | 3,030 | 4,840
1,370 | 900| 600 4,400 | 8,660} 7,510 25,600 | 5,980 | 2,850 | 4,190
1,250 900 600 | 5,510 | 8,360 | 6,720 {26,000 | 4,840 | 2,850 | 3,210
830| 900| 600 7,510 7,790} 6,470 {27,400 | 6,720 | 3,030 | 2,850
500 800 600 115,700 | 7,510 | 5,740 |32,700 | 6,470 | 3,030 | 2,850
400| 700| 600 |19,200 | 6,980 { 5,510 [43,500 | 5, 3,030 | 2,680
400 700 600 115,700 | 6,980 | 5,060 |41,200 | 5,510 | 3,030 | 2,680
400| 700| 600 |16, 6,980 | 4,840 (38,500 | 5,510 | 2,850 | 2,680
500 700 700 19,200 | 6,470 § 4,620 33,200 | 5,510 | 2,680 | 2,520
500 | 700| 700 115,700 | 6,470 | 4,620 [25,600 | 5,510 | 2,680 § 2,210
600 | 700 700 (13,500 | 6,470 | 4,400 (21,300 | 5, 2,680 { 2,140
600 | 700 | 800 112,200 | 6,720 { 4,400 {17,700 | 4,840 | 2,680 | 2,060
600| 800|1,000]89, 6,470 | 6,720 12,800 | 5, 2,680 | 1,980
700 900 | 1,000 (10,500 | 6,470 [10,800 {10,500 | 5. 2,520 | 1,980
700] 800 ] 1,000 {13,200 | 6,470 | 8,960 |11,800 | 5,510 | 2,360 | 1,980
700{ 700 ] 1,000 |15,000 | 6,470 | 7,240 10,500 | 5,060 | 2,210 | 1,910
700| 700§ 1,000 [15,700 | 6,470 | 6,220 | 9,260 | 4,840 | 2,210 | 1,840
7001 700 | 1,000 18,000 { 6,470 | 5,740 | 8,360 | 4,840 | 2,140 | 1,770
700 | 800 | 1,000 |24,700 | 6,220 | 5,510 | 8,660 | 4,840 { 1,980 | 1,770
650 | 900]..-.... 48,300 | 6,470 | 5,060 | 9,880 | 4,620 | 1,910] 1,910
650 | 1,000 |....... ,900 | 7,240 | 5,510 12,200 | 4,190 | 1,010 1,770
650 { 1,000 |....... 35,800 |....... 5,060 |.cnu..n ,790 { 1,910 {.aaeens

Monthly discharge of Iowa River at Wapello, Towa, for the year ending Sept. 80, 1917.

{Drainage area, 12,480 square miles.]

Discharge in second-feet. Run-off
. (depth in
Month. Per igm les on
: ) inage
Maximum.| Minimum. | Mean. ag}xnaére area).
1,980 1,250 1,490 0.119 0.14
1,980 1,500 1,750 .1 .16
1,770 400 999 . .
1,000 650 760 . 061 .07
1,000 600 761 .061
48,300 1,000 12,800 103 119
30,200 6,220 9,860 . 790 .
11,500 4,400 7,380 .591 .68
43,500 5,510 | 20,000 1.60 L78
13,900 3,790 6,550 .525 .61
5,280 1,910 2,890 .232 .
9,570 1,770 3,060 .245 .27
48,300 400 5,690 456 6.20

CEDAR RIVER AT JANESVILLE, IOWA.

LocatioNn.—In sec. 35, T. 91 N., R. 14 W., at Illinois Central Railroad bridge about
a quarter of a mile below highway bridge and 3 miles above junction with Shell-
rock River.

DRAINAGE AREA.—1,660 square miles (measured on map issued by United States
Geological Survey; scale, 1 to 500,000).

REcORDS AVAILABLE.—April 26, 1905, to September 30, 1906; May 28, 1915, to Septem-
ber 30, 1917.

Gage.—Chain gage attached to upstream guardrail of bridge about the middle of
left span; read by James Townsend.

DiscHARGE MEASUREMENTS,—Made from upstream side of railroad bridge.
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CHANNEL AND coNTROL.—Bed composed of gravel; slightly shifting. Banks high
and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 13.6 feet 8 a. m.,
March 24 (discharge, 21,200 second-feet); minimum stage recorded, 0.78 foot
December 10, (discharge, 181 second-feet.)

1905-06 and 1915-1917: Maximum discharge, 22,600 second-feet March 28, 1906
minimum stage recorded, 0.75 foot, November 3, 1915 (dlscha.rge, 173 second-feet).

Ice.—Stage-discharge relation seriously affected by ice; observations discontinued
during winter.

REecuration.—May be slight diurnal fluctuation of water level owing to operation of
power plant at Waverly, 9 miles above station.

Accuracy.—Stage-discharge relation nearly permanent. Rating curve well defined
throughout. Gage read once daily to hundredths. Daily discharge ascertained
by applying daily gage height to rating table. Records excellent.

Discharge measurements of Cedar River at Janesville, Iowa, during the year ending Sept.

30, 1917.
Date. Made by— hgiz%?:. ch];ge.
Feet, Sec.ft.
Mar. 28 | C. Herlofson.......ooooiieiiiiiiiiiniaiananen ettt 7.34 4,940
June 25 | Bolster and Herlofson.. 12.55 17,000
Sept. 15 | C. Herlofson . .....ooiieiviiiiiaiiinaian.. R, 1.14 292

Daily discharge, in second-feet, of Cedar River at Janesville, Towa, for the year ending Scpt.

30, 1917.

Day. Oct. | Nov. { Dec. Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1,060 316
04 288
559 334
451 334
451 316
493 295
471 366
451 211
493 288
654 248

- 752
606 245
583 264
606 288
537 313
559 334
903 274
654 284
606 208
471 |- 306
410 306
371 316
410 352
390 559
334 430
288 410
316 410
334 371
316 334
334 514
306 |........
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Monthly discharge of Cedar River at Jonesville, Towa, for the year ending Sept. 30, 1917.

[Draiage area, 1,660 square miles.]

Discharge in second-feet. Run- oﬁ
glle in
Month. Per draes on
. inage
Maximum. | Minimum. | Mean. st}ml_lﬂa;e area).
October. ..... 298 211 250 0.151 0.17
November. . 410 283 170 19
December 1. ., 302 181 -257 155 07
Marph P2 2 2 S . 21,200 2,320 8,620 5.19 1,74
April. .. 2,090 679 1,110 . 669 .75
May.. 1,510 451 793 478
June. 14,200 703 2,730 1.64 1.84
July 2,650 559 1,210 729
Auvguost.... 1,060 288 510 307 35
September. .. et i 559 211 327 197 22

CEDAR RIVER AT CEDAR RAPIDS, IOWA,

Locarion.—In T. 83 N., R. 7 W., in central part of Cedar Rapids, Linn County, about
half a mile below dam, between electric-railroad bridge and Seventh Avenue
combination railroad and footbridge.

DRAINAGE AREA.—At gaging station, 6,640 square miles; at junction with Iowa
River, 7,930 square miles (measured on map issued by United States Geological
Survey; scgle, 1 to 500,000). .

Recorps avainasLe.—October 26, 1902, to September 30, 1917.

Gace.—Inclined staff gage fastened to posts driven in right bank of the river in rear
of plant of the Iowa Windmill & Pump Co. ; read by R. 8. Toogood. Eleva-
tion of zero of gage from Northwestern Railroad levels, 723.03 feet above sea level.

DIsCHARGE MEASUREMENTS.—Made from different bridges in the vicinity of the gage,
according to the stage.

CHANNEL AND coNTROL.—Bed composed of rock and gravel; free from vegetation
and practically permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during yea.r, 17.2 feet at 6 p.
m., March 26 (discharge, 54,200 second-feet); minimum open-water stage recorded
during year, 2.9 feet October 9-17 (discharge, 740 second-feet); minimum winter
discharge much less.

1902-1917: Maximum stage recorded, 17.2 feet April 1, 1912, and March 26,
1917 (discharge, 54,200 second-feet); minimum open-water stage recorded, 2.5
feet July 24-28, 1911 (discharge, 410 second-feet); minimum during period of ice
effect in December, 1916, probably much less. Greatest known flood probably
occurred in June, 1851, when the maximum stage was about 20 feet, and the dis-
charge about 65,000 second-feet.

Tce.—Stage-discharge relation affected by ice, except in very mild winters, when the
swift current and the proximity to the power plant keep the measuring section
open.

REeGULATION.—Power has been developed at the new dam above the gaging station
during 1917. There is no direct evidence yet of effect on gage readings. There
is no dam for a long distance below Cedar Rapids and no backwater at gaging
station.

Accuracy.—Stage-discharge relation nearly permanent. Rating curve well defined.
Gage read once daily, to tenths. Daily discharge ascertained by applying daily-
gage height to rating table. Stage-discharge relation affected by ice December
14 to March 18; discharge estimated as 70 per cent of discharge at Wapello. Open-
water records excellent; winter records fair.

CoorERATION.——Gage-height record furnished by United States Weather Bureau.
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Discharge measurements of Cedar River at Cedar Rapids, Iowa, during the year ending

Sept. 80, 1917.
Date. Made by— h(giagﬁ ch]zi%e Date. Made by— hgiﬁxet. chIs)xirsg-e.
Feet. | Sec-ft. Feet. | Se--ft.
Nov. 22 | C. H‘erlotson ............ 3.31 1,300 {| Mar. 27 | Herlofson and Davis...| 15.40 [ 44,900
Jan, 8af.....dOceciiiineiinanann. 3.31 456 || Sept. 16 | Herlofson and Clyde...| 3.25 1 240

a Stage-discharge relation affected by ice.

Daily discharge, in second-feet o Cedar River at Cedar Rapids, Towa, for the year ending

Sept. 30, 1917.
Day. Oct. | Nov. | Dec. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
) N 1,020 | 1,180 | 1,020 10,800 | 4,730 { 2,770 | 7,800 1,960 1,100
2 eieaeeeaas 80| 1,180 [ 1,020 89;0 | 4,730 | 2,770 | 6,820 1,80 1,100
Bt ieiianeanaeas 870 | 1,020 | 1,020 8,250 | 5,070 , 420 5, 701 1,840 1,100
P 80| 1,020 | 1,020 7,150 | 5,770 6,120} 5,770 | 1,840 1,100
B 870 | 1,020 | 1,020 000 6,820 | 5,770 | 8,970 5,070 | 1,630 1,100
Benernernneannanan 870 | 1,020 | 1,020 6,120 | 5,420 | 9,3 5,070] 1,630 ( 1,100
e eenaeanes 870 | 1,020 | 1,020 5,770 | 5,070 | 10,1 4,730 | 1,¢30| 1,630
S 870 | 1,020} 1,020 5,420 | 4,730 | 10,800 | 4,050 | 1,(30 1,630
Qrrennnns s 740 | 1,020 | 1,020 5,420 [ 4,390 [ 10,100 | 3,720 | 1,¢30| 1,630
e 740 | 1,020 870 5,070 | 4,050 | 11,600 [ 3,720 | 1,630 1,260
£} D 740 870 870 | 4,050 | 5,070 | 3,390 { 13,900 | 4,050 | 1,630 1,260
B 740 870 870 | 3,720 | 4,730 1 3,070 | 15,400 y 1,8.0 1,260
180 eiaaaanann 740 | 1,020 870 | 4,730 | 4,730 | 3,070 | 18,600 | 4,050 | 1,960} 1,260
Teeoeeieiaananns ...l 70| 1,180 7,890 | 4,050 | 2,770 | 15,400 | 3,720 | 1,840 | 1,440
15 iiineaieaneaees| 740 1,020 8,610 | 3,720 | 2,480 | 10,800 | 3,300 | 1,840 | 1,260
16 ciiaiieannen .- 740 870 8,610 | 3,720 2,480 | 8,970 | 3,390 | 1,840 1,260
17, it 740 870 6,820 | 3,390 | 2,210} 7,890 | 3,390 | 1,840 1,260
18 eieieeans 870 870 5,070 | 3,070 | 2,210 6,820 3,390 | 1,630 1,260
19 i iriiiiaennann 870 | 1,020 4,050 | 2,770 | 1,960} 5,770 | 3,070 | 1,630 1,260
20.ccieiiannn PR 870 | 1, 3,390 | 38,070 | 1,960 | 4,730 | 3,070 | 1,630 1,260
) DO, O S - 870 | 1,180 4,730 | 3,070 | 1,840 | 4,300 | 3,070 | 1,630 1,100
22 iiieeineen PO 870 | 1,350 400 | 6,820 | 3,070 | 1,960 | 3,720 | 3,070 | 1,630 1,100
D N 870 | 1,180 10,100 | 3,300 | 2,480 | 4,050{ 3,070 | 1,440 | 1,100
P O 870 | 1,180 0,800 | 3,720 | 2,480 | 3,720 | 3,070 | 1,440 1,100
25 aneaas ...| 1,020 | 1,020 24,500 | 4,050 2,480 | 3,390 | 3,390 | 1,260 | 1,100
. S, 1,180 | 1,020 52,600 | 4,050{ 2,210} 3,720 ,300 | 1,260 | 1,100
by SRRSO 1,020 | 1,180 47,400 | 3.720 | 2,4 6,120 | 3,300 | 1,260 | 1,100
b T pereeeenan ,020 1 1,180 5,200 | 3,390 2,770} 7,170 | 3,070 | 1,100 1,100
29, 1,020 | 1,180 24,500 | 3,720 | 2,480 | 13,100 | 2,770 | 1,100} 1,100
300 ceiiiaaaaannns 1,180 | 1,180 7,800 | 4,050 | 2,480 { 10,800 | 2,480 | 1,100 | 1,100
Blocieieieeaeaananns 1,180 [........ 13,900 |........ 2,770 |...... .| 2210) 1,100 |...... ..

Note.—Braced figures show mean discharge for period included.
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Monthly discharge of Cedar River at Cedar Rapids, Iowa, for the year ending Sept. 30, 1917.
{Drainage area, 6,640 square miles]

Discharge in second-feet.
ge Run-off
(degth
_ Month. Per inches
Maximum. | Minimum. | Mean. square drainage
mile, - area).
October. . ittt 1,180 740 886 0.133 0.15
November_..........ooooiiiiiiiiiiiiiiiinaann. 1,350 1,060 .160 18
1, 641 .097 11
530 079 [
530 .079 .08
............ 10,100 1.52 1.75
4,810 .725 .81
3,280 .494 .57
8,220 1.24 1.38
3,920 .590 .68
1,600 241 .28
1,220 184 .21
............ 3,070 .462 6.29

SHELLROCK RIVER NEAR CLARKSVILLE, IOWA.

Locarron.—In T. 92 N., R. 16 W., at highway bridge 1} miles northwest of Clarks-
ville, Butler County, and about 25 miles above junction with Cedar River. No
large tributaries enter for several miles up and down stream.

DRAINAGE AREA.—1,660 square miles at station and 2,680 square miles at junction
with Cedar River (measured on map issued by United States Geological Survey;
scale, 1 to 500,000).

RECORDS AvAILABLE.—May 28, 1915, to September 30, 1917.

Gaee.—Chain gage attached to handrail on upstream side of bridge 75 feet from right
abutment; read by Mrs. H. H. Sherburne.

DISCHARGE MEASUREMENTS.—Made from downstream side of bridge to which gage is
attached.

CuaNNEL AND ConTROL.—Bed composed of rock and sand; probably permanent.
Right bank high and will not be overflowed; left bank mll probably be over-
flowed during extreme high stage.

ExTREMES OF D1scHARGE.—Maximum stage during year about 14.7 feet, March 22
(probably affected by ice); minimum stage recorded since station was established
1.15 feet October 23, 1916 (discharge, 125 second-feet). In April, 1907, a stage
of about 16.5 feet was reached (discharge, about 19,000 second-feet).

Ice.—Stage-discharge relation affected by ice November 14-18, 25-26 arid December
9 to about March 22; observations discontinued during winter.

Accuracy.—Stage-discharge relation practically permanent, except as affected by
ice. Rating curve well defined between 200 and- 10,000 second-feet; not well
defined outside these limits. Gage read once daily to hundredths. Daily
discharge ascertained by applying daily gage height to rating table; estimated
for period of ice effect. Records excellent except those for extremely low, and
high stages, which are fair; winter records roughly approximate.

Discharge measurements of Shellrock River near Clarksville," Towa, during the year ending
Sept. 30, 1917.

Date. Made by— hgiﬁlet. clll)alrsée.
Feet. Sec.ft.
Nov. 12 | C. HerlofSOm. .. eeoeennieeaaeeraacaaaannacaanaraacaaancaansannamnaasanns L7 274
June 25 | Bolsterand HerlofSon. . ........o.ovuiimiiimiiiiaaiiiiiiiiiiaeiiiaianaaaas 5.01 2,660
Sept. 15 | C. Herlofson............... en eeeeeeesenceacececneeananneenann 1.67 245
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Daily discharge, in second-feet, of Shellrock River near Clerksville, Towa, for the year
_ ending Sept. 30, 1917.

Day. Oct. | Nov. | Dec. { Mar., | Apr. | May. | June. | July. | Aug. | Sept.
1,810 f 1,900 | 1,500 510 212
1,900 | 1,570 | 1,340 510 212
1,570 | 1,500 { 1,200 485 212
1,340 | 1,340 1,140 485 200
1,340 | 1,060 935 485 188
1,280 | 2,440 870 485 188
1,140 1 5,640 710 650 200
1,000 | 3,820 | 1,280 935 212
8701 2,040 | 1,140 | 1,000 435
8051 2,240 | 1,060 510 345
805 f 1,810 | 1,000 510 290
740 | 1,500 § 1,000 485 272
680 | 1,810 935 460 255
620 | 1,500 870 485 240
565 | 1,200 805 460 255
510 935 805 410 240
485 870 { 1,000 T 240
435 772 § 1,000 345 225
388 650 805 325 200
1,000 592 680 308 212
870 538 680 272 345
870 650 | 2,440 272 308
870 805 [ 2,160 255 290
805 | 2,530 | 1,500 240 255
710 | 2,530 | 1,000 225 240
620 | 2,160 805 225 212
805 | 1,650 710 225 225
1,140 | 1,650 650 225 325
9351 1,730 565 225 255

. 805 | 1,570 510 225 225
175 1,340 |........ 510 212 |.ooaenen

NoTE.—Observations of stage suspended Dec. 14 to Mar. 27 because of ice.

Monthly discharge of Shellrock River near Clarksville, Towa, for the year ending Sept.
30, 1917.

[Drainage area, 1,660 square Miles.]

Discharge in second-feet. Run-off
(depth in
Month. Per igg};.es on
. s inage
,Maxnnum. Minimum. | Mean. S(nlnlilao? aren),
October. . . 212 125 161 0.097 0.11
Novembe 345 165 195 .18 .13
December 165 |ocemnvnnnnnn 132 .079 .04
March 28-31. . 3,360 2,440 2,760 1.66 .21
April 2,340 740 1,320 .795 .89
May. 1,900 388 937 . 365 .
June 5,640 538 1,730 1.04 1.16
July.. 2,440 510 1,020 .614 .71
August... 1,000 212 413 249 .29
September... 435 188 250 .151 .17

SEKUNK RIVER AT COPPOCK, IOWA.

LocatioN.—In T. 74 N., R. 8 W., at highway bridge one-eighth mile above Chicago,
Burlington & Quincy Railroad bridge and a quarter of a mile above junction
with Crooked Creek.

DRAINAGE AREA.—2,890 square miles (measured on map issued by United States
Geological Survey; scale, 1 to 500,000).

REecorps AvaiLaBLe.—October 21, 1913, to September 30, 1917.

Gace.—Chain gage attached to downstream side of bridge; read by J. W. Ricks.

DIsCHARGE MEASUREMENTS.—Made from bridge to which gage is attached.

CHANNEL AND CONTROL.—Bed composed of gravel and sand; channel shifting.
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ExTrEMES OF pIscHARGE.—Maximum stage recorded during year, 17.5 feet June 14
(discharge, 15,700 second-feet); minimum discharge recorded, 52 second-feet
October 17. )

Maximum stage prior to 1917 about 24 feet (discharge, 30,000 second-feet)
about the end of May, 1903.

Ice.—Stage-discharge relation seriously affected by ice; observations discontinued
during winter.

Accuracy.—Stage-discharge relation changed during the year, requiring the use of
three rating curves applicable October 1-11, October 15 to November 26, and
November 30 to September 30. The second rating curve, used during the re-
building of piers of the Chicago, Burlington & Quincy Railroad bridge below the
station, is not well defined; the other two curves are well defined. Discharge
interpolated October 12-14 and November 27-29. Gage read once daily to
hundredths. Daily discharge ascertained by applying daily gage height to
rating table. Open-water records excellent.

Discharge measurements of Skunk River at Coppock, Towa, during the year ending Sept.

?

[Made by C. Herlofson.}

Gage Dis- Gage Dis-
Date. height. charge. Date. height. | charge.
Feet. Sec. f. Feet. Sec.-ft.
Nov. 256 ceniiiiiiiaananne. 3.22 281 || Sept. 19. .. ciuiieiianeinannn. 2.76 144
July 13 o ceeeneiiiieiiieaee 4.56 71 190 ciecieeeaee 2.77 144

a Stage-discharge relation affected by backwater caused by cofferdam used during construction of new
piers at tue Chicago, Burlington & Quincy Railroad bridge, one-eighth mile below gage.

Daily discharge, in second-feet, of Skunk River at Coppock, Iowa, for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1,120 | 7,360 | 1,360 | 1,760 | 422 157
00| 7200 1,90 1,620 388 146
85| 3,8°0| 5470 | 1,420| 355 310
785| 3,020| 6,740 | 1,300 340| 2,79
8351 5260 | 8,810} 1,180| 325 785
885 | 4,020 12,90 1,1201 295 560
7851 3,200 { 14,200 995 480 520
785 | 2,640 | 12)000] 940 690
785| 2,330 | 1,000 940 340 370
8851 2,040} 9,810 940 310 238
8851 1,900 9 1,060 265 214
835 1.620| 8,670 85| 265 226
85| 1,420| 8050 | 785| 250 238
785| 1,300 | 15400 | 690 | 250 214
735 | 1,120 | 15,000 690 238 202
1,120 | 13, 600 22 179
835 | 1,000 | 13000 | 645 226 168
885 885 | 12, 785 214 157
560 835 | 11,300 785 214 146
680 785 | 9,960 940 214 146
240 735 | 8,260 995 214 135
300f 6,260 6,620 785| 202 135
060 | 5,040 | 5,360 690 190 131
995 3,020 4,120 995| 190 129
360 | 2,560| 3,040| 60| 179
240} 2,040 | 2,48 690 179 135
995 | 1,760 | 2,330 835 179 146
885 | 1,560 | 2os0| 735 179 129
60| 1,360 | 1,%0| 600 168
960 | 1,240 2,100 520 168 118
........ 1,490 |........ 460 157 |ecuanans

NoTte.—Stage-discharge relation affected by ice Dec, 12 to Mar. 10; data madequa.te for determinations
of discharge.



154 SURFACE WATER SUPPLY, 1917, PART V.

Monthly discharge of Skunk River at Coppock, Iowa, for the year ending Sept. 80, 1917.
[Drainage area, 2,890 square miles.)

Discharge in second-feet. Run-oft
(depth in
Month. Per | inches on
Maximum. | Minimum. | Mean. square | drainage
mile. area).
770 52 150 0.052 0.06
469 111 213 .074 .08
265 179 225 077 .03
7,230 1,300 3,440 1.19 .93
2,960 735 1,110 .384 A3
7,360 735 2,640 .913 1.02
15,400 1,360 8,030 2.778 3.10
1,760 460 906 .314 .36
690 157 268 .093 1
2,720 118 323 L 112 .13

SEUNK RIVER AT AUGUSTA, IOWA.

Locarion.—In T. 69 N., R. 4 W., at highway bridge about one-third mile from
Augusta post office, Des Moines County, and 12.2 miles from mouth of Skunk
River, where it empties into pond of Mississippi River Power Co., 32.2 miles above
dam at Keokuk, Iowa.

DERAINAGE AREA.—At gaging station 4,200 square miles; at mouth 4,350 square miles
(measured on map issued by United States Geological Survey; scale, 1 to
500,000). :

RECORDs AVAILABLE.—September 30 to November 15, 1913; May 27, 1915, to Septem-
ber 30, 1917.

GaGe.—Chain gage attached to downstream handrail of bridge about 95 feet from left
abutment; read once daily by L. E. Williamson. Staff gage attached to down-
stream left side of middle pier, used by engineers of the Hydraulic Engineering
Co. of Maine during 1913; datum of gage about 0.73 foot higher than that of chain
gage; taken out by ice in spring of 1914.

Di1scHARGE MEASUREMENTsS.—Made from bridge to which gage is attached.

CHANNEL AND cONTROL.—Bed of stream sandy and subject to change; right bank high
and will not be overflowed; left bank will only be overflowed at extremely high
stage; remains of old mill dam 600 feet below gage will probably make stage-
discharge relation permanent. The riffle at the dam causes a drop of 3 feet at
medium low stage. Backwater from the Mississippi can not occur oftener than
once in about 50 years.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year 17.0 feet June 7;
minimum stage recorded, 1.20 feet September 24.

Maximum stage prior to 1917 approximately 21 feet about June 1, 1903 (dis-
charge, nearly 40,000 second-feet); minimum discharge recorded, 63 second-feet
November 10, 1913; absolute minimum discharge at this station probably 25
second-feet or less.

Ice.—Stage-discharge relation affected by ice December 14 to March 12.

Data inadequate for determination of discharge.

Discharge measurements of Skunk River at Augusta, Iowa, during the year ending Sept.
30, 1917. .

[Made by C. Herlofson.)

Gage Dis- Gage Dis-
Date. height. | charge. Date. height. | charge.
Feet. Sec.-ft. Feet. Sec.-ft.
(1775 ¢ SO 1.63 83 | July 12...o...... R, 2.04 1,130
Jan. 19 @i 210 140 || Sept. 20. .ol 2.02 191
Junell....o..oiiliiiliilll 10.65 12,400

o Measurement made under ice cover.
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Daily gage height, in feet, of Skunk River at Augusta, Iowa Jfor the year endmg Sept. 30,

1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.18| 1.95| 2.45| 2.4 |....... 2.551 3.4 11.9 4.2 9.8 2.8 1.8
2.13| 1.90 | 2.35(..-....] 2.85( 2.6 3.4 10.9 5.1 3.6 2.7 1.75
1.93| 190| 2.17| 2.10] 2.8 | 2.55| 3.35| 9.3| 5.5| 3.5 2.55 | 2.35
1.73 | 1.871 2.13| 2 2.8 2.00 3.25 6.8 8.9 3.4 2.65 2.4
1.68( 1.85] 1.97)....... 2.6 |iae.... 3.1 8.0 14.0( 3.15| 2.65 4.4
1.63, 1.90| 1.92¢ 2.3 2.5 |ieeenn. 3.05 7.6 16.4( 3.05| 2.17 3.8
1.63] 2.11( 1.751 2.4 |eeoeoifceecan. 3.0 6.0| 17.0| 3.0 | 2.45 3.6
1.58 1 1.95( 1.77| 2.45| 2.07 {....... 3.25 5.6{ 16.6]| 2.95( 2.5 3.6
1.53 | 2.76| 1.721....... 2.02 |.c-u... 3.3 4.8 16.2| 3.15{ 3.1 | 3.0
1.58 | 2.85| 1.72| 2.5 | 2.02|..-.... 3.4 4.6 14.3| 8.1 2.55] 2.9
1.58 ] 2.85| 1.77 |....... 2.02 | 2.4 3.4 4.3 1.5 3.05| 2.5 2.45
1.48 | 2.75| 1.70| 3.1 |....... 5.4 3.35 4.1| 10.0| 3.1 2.25 2.05
1.53 | 2.55 | 1.77| 3.05| 2.05| 5.4 3.4 4.0 13.4 3.05| 2.17] 2.2
1.58 | 2.3 1.82 ) 2.9 2.02 | 11.0 3.4 3.8 12.2} 2.4 2.17 2.25
1.48 | 235 [ eeeiii|eanaans 10.0 3.3 3.6| 12.8) 2.7 2.17 2.2
1.43| 2.05| 1.87] 2.75| 2.02| 8.4 3.15) - 3.5| 14.6] 2.6 2.17 2.25
1.48 | 1.95} 1.77] 2.5 2.02| 7.6 3.6 3.4| 14.2{ 2.55( 2.17 2.2
1.53 | L95( 1.82|....... 2.07| 7.0 3.6 3.4| 12.6| 2.6 L9 2.2
1.63 | 1.80(....... 1.95 | 2.2 6.5 3.6 3.4 12.2| 2.95( 1.97 2.15
1.65) 1.97| 1:87 | 1.82} 2.12] 5.2 4.1 3.1 10.0| 3.0 1.87 1.85
1.68F 1.96|....... 1.82 | 2.12| 5.0 4.1 6.2 9.3| 2.95| 2.17 1.80
1.331 2.00( 1.87(....... 2.17| 4.8 4.0 10.0 8.6 2.95| 1.97 1.55
1.58 | 2.06| 1.87] 5.2 |....... 4.7 3.8 9.0 7.21 3.05| 2.17 1.25
1.73| 2.00| 1.87] 4.4 2.2 4.6 3.8 6.6 6.4| 3.0 2.17 1.20
2.6 1.75| 1.82....... 2.4 4.6 4.3 5.2 58| 2.95] 2.3 1.25
3.05} 1.85|....... 4.3 2.45) 4.5 4.0 5.1 541 2.75| 1.67 1.30
3.06| 2.3 1.92 | 8.2 j....... 4.4 3.8 5.1 4.6 2.7 2.17 2.00
3.0 2.451 1.97 | 2.95 L, 4.2 3.8 5.0 4.4 3.0 2.17 1.87
2.7 2.65| 2.02|...... 4.0 4.2 5.0 4.21 2.95} 2.17 1.92
2.25| 2.55| 2.02| 2.85 3.6 5.6 4.1 4.2] 3.0 | 2.3 1.90
2.03 |.cno.on 2.12| 2.8 |._...... 3.5 |-ca...l 4.1 |oeen.ns 2.55| 2.17 {.......

_ DES MOINES RIVER AT EALO, IOWA.

LocaTion.—In sec. 17, T. 88 N., R. 28 W, at highway bridge at Kalo, Webster County,
about 14 miles east of Otho, a station on Minneapolis & St. Loms Raah‘oad and 13
miles above mouth of Holiday Creek, which enters from left.

DrAINAGE AREA.—4,170 square miles (measured on map issued by United States
Geological Survey, scale 1 to 500,000).

Recorps AvamaBre.—October 18, 1913, to September 30, 1917, except October, 1914,
to March 21, 1915, when the station was temporarily dlscontmued

Gage.—Chain gage attached to downstream side of bridge in middie of right span;
read by S. C. Fuller.

DiscHARGE MEASUREMENTS.—At high stages made from bridge to which gage is
attached; at low stages by wading.

CEANNEL AND coNTrROL.—No well-defined control; channel consists of gravel and is
fairly permanent; point of zero flow estimated to be at gage height —1.0 foot.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year 12.9 feet March 22
(discharge, 17,100 second-feet); minimum stage recorded since establishment of
station, 0.25 foot October 12, 1916 (discharge, 66 second-feet).

1913-1917: Maximum stage recorded, 14.0 feet May 30, 1915 (discharge, 18,500
second-feet).

Ice.—Stage-discharge relation affected by ice November 14-18, 24-26, December 9 to
March 21; observations discontinued during winter.

Accuracy.—Stage-discharge relation permanent throughout year except as affected
byice. Rating curve well defined between 200 and 12,000 second-feet; extended
below 200 second-feet and only roughly approximate. Gage read once daily to
quarter tenths. Daily discharge ascertained by applying daily gage height to
rating table; estimated November 14-18, 24-26, because of ice. Records excellent
except those below 200 second-feet, which are roughly approximate. .
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Discharge measurements of Des Moines River at Kalo, Iowa, during the year ending
Sept. 30, 1917.

Gage Dis-
Date. Made by— height. | charge.
Feet. Secft.
Nov. 10 | C. HerlofR0m. oo e ia e cee et et iete e iaca e aataceeaaaemaacanacnnn 0.88 270
June 27 | Bolster and Herlofson. 4.22 2,880
Sept. 14 | Herlofson and Clyde. . .o ccueemirimiiaeiaieeeeaeaeaaaan .76 219

Daily discharge, in second-feet, of Des Moines River at Kalo, Towa, for the year ending —
Sept. 30, 1917.

Day Oct. | Nov. Dec. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
4,110 | 3,100 | 2,520 742 160
3,980 | 3,340 | 2,200 615 178
3,650 | 3,340 | 1,640 445 160
3,850 | 3,590 | 1,640 420 128
3,850 | 3,850 | 1,640 585 144
3,500 [ 7,810 | 1.820 258 160
3,220 ,820 | 2,000 525 370
2 860 | 11,000 [ 2,000 470 280
2,630 | 9,990 | 2,€30 498 302
2,410 | 8,970 | 2,630 555 236
2,200 | 8,290 | 2.300 498 236
2,000 | 7,650 | 2,000 498 236
1,820 | 7,330 | 1,820 470 178
1,730 [ 6,700 | 1,640 128 196
1,640 | 5,950 | 1,640 445 196
1,480 | 5,210 | 1,560 280 178
1,480 | 4,650 | 1,480 302 160
1,320 | 4,110 | 1,460 325 160
1,320 | 3,500 | 1,320 280 160
1,180 | 3,220 | 1,180 280 178
1,400 | 2,980 | 1,110 280 178
2,000 | 2,860 | 1,110 302 196
2,620 | 2,740 | 1,040 280 196
2,860 | 2,630 1,320 236 178
3,100 | 2,740 { 1,910 236 178
3,100 | 2,630 | 1,250 196 178
2,560 | 2,860 | 1,040 178 178
2,630 | 2,980 905 178 258
2,630 | 3,100 840 196 196
2,630 | 3,100 678 196 196
2,630 |....... . 645 178 |ee-eenn.

Monthly discharge of Des Moines River at Kalo, Iowa, for the year ending Sept. 30, 1917.

[Drainage area, 4,170 square miles.)

is e in second-feet.
Discharge in secol © Run-off
(depth in
Month. Per inches on
. . drainage
Maximum. | Minimum. | Mean. square area)
e. R
196 66 m 0.027 0.03
347 100 215 .051 .06
216 150 183 . .01
15,100 7,330 11, 700 2.81 .
6,400 2,630 | 740 .897 1
4,110 1,180 2,540 .609 .70
11, 000 2,630 5,000 1.20 1.34
2, 645 1,580 .379 .44
742 128 357 . 086 .10
370 128 198 .047 .05
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DES MOINES RIVER AT DES MOINES, IOWA.

Location.—In T. 78 N., R. 24 W., at Walnut Street Bridge at Des Moines, Polk .
.County, about one-third mile above mouth of Raccoon River and 205 miles above
mouth of Des Moines River.

DrAINAGE AREA.—6,180 square miles. Effective area at high stages, including
Raccoon River, 9,770 square miles (measured on map issued by United States
Geological Survey; scale 1 to 500,000).

Recorps avarasrLe.—October 2, 1902, to August 3, 1903; October 1, 1914, to Sep-
tember 30, 1917, at the Walnut Street Bridge. From May 26, 1905, to July 20,
1906, records were collected at the Interurban Bridge near Highland Park, about
5 miles above present station. The United States Weather Bureau has main-
tained a gage at the Locust Street Bridge from July 1, 1897, to January, 1912;
and at the Walnut Street Bridge from January, 1912, to September 30, 1917.

Gage.—The original Weather Bureau gage is a staff gage at the Locust Street Bridge;
one block above the Walnut Street Bridge. In January, 1912, a Friez water-
stage recorder was installed by the United States Weather Bureau in and near the
south end of the second pier from the east abutment of the Walnut Street Bridge.
This gage is set to read the same ag Locust Street gage. A copper float in a 9-inch
‘pipe connects with the register at the top, which is graduated to record graphically
stages from 0 to 33 feet. Gage zero is 774.74 feet above sea level,

DiscHARGE MEASUREMENTS.—Madé at any one of several bridges below the power
dam, according to the stage. Channel satisfactory for accurate measurements.

CHANNEL AND CONTROL.—A sheet-piling dam was constructed about 300 feet above
the old mouth of Raccoon River about September, 1913. This dam, called a
“beauty dam,” is for the purpose of raising the low-water stage of the river a few
feet and thus improving the appearance of the river through the park along the
bank. The pooled water from this dam extends past the gage to the power dam

* atlow water. The dam thus forms a fairly permanent control at low stages. Itis
drowned out at stages of 8 to 10 feet, depending on the stage in Raccoon River.
Dam is now in poor repair and the stage-discharge relation has been affected
thereby.

ExtrEMES OF sTAGE.—Maximum stage recorded during year, 16.1 feet June 10;
minimum stage recorded, 1.3 feet in January.

1897-1917; maximum stage recorded, 22.6 feet, May 31, 1903; minimum stage
recorded, 0. 8 foot at various times.

Ice.—The effect of the power dam above the station is to improve the conditions of
winter flow, but severe winters and occasional ice jams below the gage often
geriously affect the stage-discharge relation.

REecurarion.—The Edison Power & Light Co.’s dam, about one-fourth mile above
gage, causes slight diurnal fluctuation of stage. The dam is practically drowned
out at a stage of 18 feet, a.lthough there is a perceptible ripple with a stage of 21 or
22 feet.

CoorerATION.—The gage-height records are furnished by the United States Weather ~
Bureau.

Determinations of discharge withheld for additional data.

Discharge measurements of Des Moines River at Des Moines, Iowa, during the year ending
Sept. 80, 1917.

Gage Dis-
Date. Made by— height. | charge.

Feet. Sec.ft.

Nov. 9 CoHOrIOISON . . .« ottt ittt et iea e et 2.00 362
June 28 | Bolster and HerlofSom. ... ven oottt et ce e e 5.58 3,890
Sept. 12 [ C. Herlofsom. .. .o oovet ittt e 2.37 359
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Daily gage height, in feet, of Des Moines River at Des Moines, Towa, for the year ending
Sept. 30, 1917,

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

1 2.0 2.0 2.0 1.3, 7.9 6.1 5.3 5.5 3.0 2.1

2 2.0 2.0 2.0 1.3 1. 7.2 6.6 5.7 5.4 3.0 2.1

3 2.0 2.0 2.0 1.3 6.8! 68| 6.2 5.0 3.0 2.1

4 19 2.0 2.0 1.3 . 6.6 68| 60| 48{ 2.9 2.4

5 19 2.0 2.0 1.4 6.5 6.8 7.5 4.6 2.8 2.2

6 1.9 2.0 2.0 1.4 6.5| _6.6} 10.2 4.5 2.7 2.1

7. 1.9 1.9 2.0 1.3 6.5 6.5| 13.2 4.4 2.6 2.2

8. 1.8 1.9 2.0 1.4 6.4 6.1 15.1 4.4 2.6 2.3

9.. 1.8 2.0 2.0 1.4 6.2 57| 15.7 4.7 2.7 2.3

10. 1.8 20| 17 1.4 6.3 541 16.1 5.0 2.8 2.5
11.. 1.8 2.1 1.8 1.5 6.4 51| 15.9 50 2.7 2.6
12.. 1.8 2.3 1.6 1.4 6.2 491 14.3 4.9 2.6 2.5
13.. 1.8 2.3 1.6 1.4 ....... | 4.8 5.9 4.7 13.0 4.7 2.7 2.4
14.. 1.8 2.2 1.6 1.3 )....... 5.7 5.7 45| 12.4 4.5 2.6 2.4
15.. 1.8 1.8 1.6 1.3 ....... 5.0 5.6 4.4} 10.5 4.4 2.6 2.4
16.. 1.8 1.9 1.7 1.3 founenn 4.4 5.4 4.2 9.0] 4.3 2.5 2.3
17.. 1.8} 20 1.6 1.3]....... 4.0 52| 4.1 82| 4.3 2.5 2.3
18.. 1.8 2.1 1.6 L3 |....... 3.8 5.2 4.0 7.5 4.2 2.5 2.3
19.. 1.8 2.2 1.7 1.4 f.ooooe. 3.5 5.0 3.9 7.0] 40 2.4 2.3
20.. 1.9 2.1 1.7 1.4 ....... 4,5 5.0 3.8 6.5 3.9 2.4 2.2
21 1.8 2.2 1.6 1.4 5.6 5.1 3.9 6.2 3.8 2.3 2.1
22 19 2.2 1.6 1.4 |. 6.3 5.6 4.1 5.9 3.7 2.4, 21
23 1.8 2.2 1.6 1.4 9.2 5.6 4.8 5.7 3.6 2.4 2.0
24 1.9 2.2 1.8 1.4 (. 10.6 5.6 53 5.5 3.5 2.3 1.9
25.. 1.9 2.1 1.4 1.4 12.0 5.4 5.4 5.4 3.5 2.4 1.9
26 1.9 1.9 1.4 1.4 13.2 5.3 5.4 5.3 3.6 2.3 1.9
27.. 1.9 1.9 1.4 1.4 13.0 5.2 5.4 5.5 3.6 2.2 1.9
28.. 2.0 2.0 1.4 1.4 12.2 5.2 5.4 5.5 3.6 2.2 1.7
29.. 2.0 2.1 1.4 1.4 10.9 5.4 5.2 5.6 3.4 2.1 1.7
30.. 2.0 2.1 1.4....... 9.8 5.7 5.1 5.6 3.3 2.1 1.6
31.. 2.0 ....... 14 | ooii]aanaan 88 ....... 5.1 | ...... F: %5 A IR R

DES MOINIéS RIVER AT OTTUMWA, IOWA.

LocaTion.—At Market Street Bridge, Ottumwa, Wapello County. No large tribu-
tary within several miles up or down stream.

DrAINAGE AREA.—13,200 square miles (measured on map issued by the United States
Geological Survey; scale, 1 to 500,000). .

RECORDS AVAILABLE.—Fragmentary high-water observations 1902-1916; daily records
March 29 to September 30, 1917.

Gaee.—Chain gage attached to downstream handrail of bridge. Staff gage painted
on northeast face of north pier used prior to August 2, 1917.

DiscHARGE MEASUREMENTS.—Made from Vine Street Bridge about 1,500 feet below
gage.

CHANNEL AND CONTROL.—Channel probably fairly permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during the year, 16.5 feet June
11; minimum stage recorded, 1.5 feet September 25-30.

Maximum discharge since 1850 and probably in the last century occurred May

31, 1903, and exceeded 100,000 second-feet.

Ice.—Stage-discharge relation seriously affected by ice.

CoorPERATION.—Gage-height record obtained by the United States Weather Bureau.

Data inadequate for determination of discharge.

Discharge measurements of Des Moines River at Ottumwa, Towa, for the period Sept. 18,
1914, to Sept. 80, 1917.

- Gage Dis- _ Gage | Dis-
Date. Made by height.| charge. Date. Made by height. | charge.
1914. Feet. | Sec.-ft. 1917, Feet, | Sec.{t.
Sept. 18 | Bolster and Davis...... 10.60 | 24,400 |{ June 29 | Bolster and Herlofson..| 5.32 8,070
Aug. 1| C.Herlofson............ 2. 60 1,960
1915. Sept. 6 |..... A0nereemeanaaenns 4.48| 6,200
Jure 1| A.Davis.......o....... 15.96 | 56,300
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Daqily gage height, in feet, of Des Moines River at Ottumwa, Iowa, for the year ending
Sept. 30, 1917.

Day. Mar. | Apr: | May. | June.| Aug. | Sept. | . Day. Mar, | Apr. | May. | June.| Aug. | Sept.

83| 7.6| 47| 2.6 L7 511 4.9|13.5| 2.1 2.1

7.1} 7.5 | 6.5| 2.6 1.6 51| 481125 2.1 2.1

6.5| 6.5| 89| 2.5 16 5.0| 4.7| 85| 2.0 2.1

6.1 7.6 | 84| 2.5 1.6 49| 46| 83| L8 2.0

6.0 83107 | 2.3 1.6 4.8| 45| 7.1} 1.8 2.0

[ P 58| 7.5|1L7| 2.3 3.0 4.8 4.4| 6.7] L8 1.8
TR I, 53| 7.7)13.3| 2.3 5.0 4.7} 4.6 6.3} 1.8 1.8
- P I, 53 6.9(13.8| 2.2 4.8 47| 4.7] 59| 1.8 1.6
| SRR A, 58| 6.2(13.9 2.2 3.8 491 45| 56| 1.8 1.6
) {1 TR 53| 5.6|16.0| 2.2 2.8 5.0 4.7 53| 1.8 1.5
) R PP 52| 55165 2.2 2.4 4.9 48| 51 1.8 1.5
| 7 F 52| 53156 2.1 2.3 491 48| 49| 1.7 1.5
B S 5.1 5.2(16.2| 2.1 2.3 491 47 55| 1.7 1.5
L TR A 51| 511156 2.1 2.3 501 4.7} 5.3} 1.7 1.5
b ¥ JAPURR 51| 5.0114.6 | 2.1 2.2 58| 471 53} L7 L5
. {2 EERERRRO B 2C  FERPPR 4.7 ... L7......

DES MOINES RIVER AT KEOSAUQUA, IOWA,

Locatron.—In sec. 3§, T. 69 N., R. 10 W, at county bridge, Keosauqua, Van Buren
County, a quarter of a mile above old dam site and Government locks. No large
tributary enters Des Moines River for several miles up or down stream.

DrAINAGE AREA.—AY gaging station, 13,900 square miles; at mouth, 14,300 square
miles (revised measurements made from map issued by United States Geological
Survey; scale, 1 to 500,000).

REecorps AvarLaBiE.—May 30, 1903, to July 21, 1906; April 5 to December 31, 1910
(United States Engineer «Corps); August 3, 1911, to September 30, 1917.

Gaage.—Chain gage attached to upstream handrail of bridge; read by Frank Schrecken-
gast.

DrscHARGE MEASUREMENTS.—Made from bridge to which gage is attached.

CHANNEL AND cONTROL.—Channel shifts considerably at flood stages. Control is a
gravel riffle about one-fourth mile below gage.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 18.45 feet June 14
(discharge, 60,500 second-feet); minimum stage recorded, 0.10 foot, several days
in October (discharge, 330 second-feet).

Maximum stage since 1850 and probably in the last century, 27.9 feet June 1,
1903 (discharge, 97,000 second-feet); maximum stage June 1, 1851, about 24 feet
(discharge, about 80,000 second-feet).

1903-1917: Minimum stage recorded, zero, August 28 to September 6, 1911
(discharge, 160 second-feet).

Tce.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation fairly permanent for low and medium stages.
Two fairly well defined rating curves were used. Gage read once daily to half-
tenths. Stage-discharge relation affected by ice December 13 to March 9; dis-
charge estimated from observer’s notes and weather records. Open-water records
good; winter records roughly approximate.

Discharge measurements of Des Moines River at Keosaugqua, Iowa, during the year ending
Sept. 80, 1917.

Date. Made by— oo, | o,

Feet. Secft.
Nov, 8| Herlofsonand Barber. .. ... .. ... oo iiaiiiiiiiaiieaieaenaaans 0.38 630
June 30 | Bolster and HerlofSOn . .. ... i iiiua it iai it 3.54 8,280
Aug. 2| CoHerlOfSON. ..ot it 1.02 2,030
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Daily discharge, in second-feet, of Des Moines River at Keosauqua,
ending Sept. 30, 1917.

Towa, for the year

Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. July. | Aug. | Sept.
485 529| 725 17,900 119,900 | 5,500 | 8,050 | 1,930 | 1,190
485 | 588 | 858 14,100 (17,200 [11,200 | 7.780 | 1,030 | 1,190
540 | 588 [ 790 11,800 {12,900 (27,700 | 7,240 [ 1,840 | 1,110

588 | 790 10,600 {20,300 {27,300 | 6,700 | 1,930 | 1)1
725 | 564 | 790 600 | 9,430 [21,300 (41,000 | 5,640 | 1,030 | 1,110
660 | 529 725 8,850 {18,900 |46,700 | 5,380 | 1,930 | 1,420
600 | 520 | 725 2,280 [16,600 [41,100 | 4,880 | 17030 | 6,700
660 600| 725 8,280 (14,100 [40]000 | 4,€30 | 1,830 | 6,160
790 | 725 8,280 [11,800 41,500 | 4,390 | 1,760 | 4,620
6601 725! 564 1,200 | 8,280 10,000 45,900 | 4,390 | 1,670 | 3, 0%
540 725 | 540 350 | 1,770 | 8,000 | 8,850 [50,800 | 4,390 | 1,670 | 32,110
485 660 | 540 2,300 | £000 | 7,720 48,900 | 4,630 | 1,670 | 2,110
30| 660 3,040 | 280 | 7,160 [55,800 | 4,880 | 1,670 | 2,110
30| 660 9,430 | 7720 | 6,320 [58,100 | 4,630 | 1,670 | 1,930
380 | 995 12,300 | 7,160 | 5,770 (51,200 | 4,390 | 1,590 | 1,670
330 | 1,220 400 11,500 | 6,600 | 4,970 (37,500 | 4,150 | 1,590 | 1,500
330 | 790 12,000 | 6,600 | 4,710 (29,200 | 4,150 | 1,560 | 1,500
383 | 1725 10,900 | 6,040 | 4,190 (19,200 | 4,150 | 1,500 | 1,420
430 725 9,720 | 6,880 | 3,940 (16,200 | 4,150 | 1,500 | 1,420
30| 725 7,160 | 6,040 | 3,700 [13,700 | 3,680 | 1,500 | 1,420
30| 0|l 00 5,500 | 5,500 3,460 [12,100 | 3,440 | 1,500 | * 1,270
330 | 790 7,720 | 5,500 12,900 (10,600 | 3,440 | 1,420 | 1,190
330 | 858 11800 | 5,500 | 7,160 (10,300 | 3,440 | 1,420 | 1,190
330 | 925 12900 | 6,600 | 4,710 | 9,430 | 3,010 | 1,590 | 1,110
30| 858 17,900 | 6,880 | 6,600 | 8,320 | 3,440 | 1,500 | 1,190
40| 90 500 119,900 | 6,600 | 6,600 | 7,780 | 3,010 | 1,500 | 1,270
540 | 790 92,000 | 6,600 | 6,320 | 7,240 | 3,220 | 1420 | 1,110
85| 790 217100 | 6,040 | 6,040 [10,300 | 3,010 | 1,420 | 1,110
5181 660 25,500 (10,000 | 6,040 | 8,590 | 2,800 | 1,340 | 1,110
s0| 60| || [...... 25,200 |14,100 | 6,040 | 8,320 | 2,700 | 1,270 | 1,110
s0 ... ) [ 22,000 |....... 6,600 |....-.. 2200 | 1,190 |00,

Monthly discharge of Des Moines River at Keosauqua, Yowa, for the

30, 1917.

[Drainage area, 13,900 square miles.]

year ending Sept.

Discharge in second-feet. Run-oft

(depth in

Month. Per inches on

Maximum. | Minimum. | Mean. | square dg:g;a;ge

mile. *

[757170] T 790 490 0.035 0.04
November. ... oiiiiiiiiiiiiiiiiaaaacataanaan 1,220 725 .052 .06
Decembbr. ... 858 454 .033 .04
L S1DE T o I SN 400 .029 .03
February. ..o iiiaiaeeaeae]ecreaaaaan 382 .027 .03
) . 25, 500 9,100 . 655 .74
ApPril. oo ;900 8,350 . 600 .67
B - ee ettt eeaeeaaeceeaaaeaaaaaaaaan 21,300 9,450 .679 .78
JUNe. i 58,100 26,700 1.92 2.14
July ........................................... 8,050 4,390 .316 .36
........................................ 1,930 1,620 117 13
September ..................................... , 700 1,890 .136 .15
The year. - e iiiaaaeaaeanns 58,100 |......coo.-n 5,330 .383 5.17

RACCOON RIVER AT VAN METER, IOWA.

Looation.—In SW. } sec. 22, T. 78 N., R. 27 W., at highway bridge about one-third
mile from railroad station, 1 mile below South Raccoon River, and 30 miles above
junction of Raccoon River with Des Moines River.

DRAINAGE AREA.—At gaging station, 3,410 square miles; at mouth, 3,590 square
miles (measured on map issued by United States Geologlcal Survey, scale 1 to

500,000).

Recorps AvAILABLE.—April 25, 1915, to September 30, 1917.
Gace.—Chain gage attached to downstream handrail of bridge about 25 feet from right
end of bridge; read by Fred Vreeland.

DISCHARGE MEASUREMENTS.—Made from bridge to which gage is attached.
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CHANNEL AND coNTROL.—Bed composed of sand; subject to change. River divided
into two channels at low and medium stages by an island; water surface
slightly higher in the left channel than in the right at extreme low water; right
bank high and not subject to overflow; left bank subject to overflowat a stage of
about 13 feet. At extremely high stage this overflow will extend for several
thousand feet beyond left end of bridge.

EXTREMES OF DIsSCHARGE.—Maximum stage recorded during year, 17.5 feet June 7
(discharge, 31,800 second-feet); minimum stage, 1.83 feet October 12 and 17
(discharge, 64 second-feet).

1915-1917. Maximum stage recorded, June 7, 1917; minjimum stage recorded
1.8 feet August 29, 1916 (discharge, 60 second-feet).

Ice.—Stage-discharge relation affected by ice November 14-20 and December 10 to
March 19. Observations discontinued December 13 to March 13.

Accuracy.—Stage-discharge relation permanent throughout year. Rating curve
well defined between 155 and 15,000 second-feet. Gage read to hundredths once
daily. Daily discharge ascertained by applying gage height to rating table;
estimated November 14-20 because of ice. Open-water records excellent,
except those for extremely low stages, which are fair,

Discharge measurements of Raccoon River at Van Meter, Towa, during the year ending
Sept. 80, 1917.

Date. Made by— hgiz e ch]z;;e !
Feet. Sec.-ft.
Nov, 10 | C. Herlofson. 2.41 236
June 28| Bolsterand Herlofson . 5.22 2,360
Sept. 13 | Herlofson and Clyde............ 2.87 457

Daily discharge, in second-feet, of Raccoon River at Van Meter, Jowa, for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dee. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
3,080 | 1,520 | 1,840 375 140
3,300 1,930 1,520 350 116
3, 2,200 | 1,280 350 107
3,960 | 2,880 | 1,140 00| 2,580
S 6,400 | 1,060 37 1,280
3,960 | 12,000 995 350 660
3,400 | 31.800 325 790
3,080 | 14,300 855 300 995
2,580 | 15,600 855 350 995
2,290 | 28,000 925 425 1,060
1,930 | 15,400 995 375 758
1,680 | 11,200 855 325 565
1,520 | 14,300 855 375 425
1,360 | 10,200 790 350 325
1,210 6,680 300 325

1,060 | 4,810 725 300
1,060 | 3,300 822 325 375

995 | 3,300 275
925 | 2,880 660" 262 275
855 | 2,380 565 252 266

855 | 2,200 535 218
1,930 | 1,930 430 252 149
1,930 { 3,080 | 1,840 €28 325 155
2,380 | 2,110{ 1,680 1,280 300 210
1,930 | 1,760 | 1,520 995 275 190
1,600 | 1,520 | 1,440 692 198 187
1,440 | 1,360 | 1,360 595 101 172
1,360 | 1,210} 2,200 508 239 149
2,080 | 1,140 2,480 452 226 190
2,980 | 1,140| 2,200 400 180 172
........ 1,360 |........ 350 172 aceeiee

96719°—19—wsp 455——11
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Monthly discharge of Raccoon River at Van Meter, Towa, for the year ending Sept. 30,
1917.

[Drainage area, 3,410 square miles.]

Discharge in second-feet. Run-off
(depth in
Month. Per | inches on
Maximum. | Minimum. [ Mean. |square| drainage
mile area)
275 B4 122 | 0.03 0.04
325 a5 223 065 07
252 83 186 055 02
9,540 2,680 6,460 1.89 73
2,980 1,060 1,680 493 55
4, 200 2,040 6 69
31,800 1,360 7,000 | 2.05 2.29
1,840 0 842 247 30
4 101 298 087 10
2,580 107 480 141 16

ILLINOIS RIVER AT PEORIA, ILL.

Locarion.—In sec. 2, T.8 N., R. 8 E., at foot of Grant Street, Peoria, Peoria County,
about 3} miles above station formerly maintained at Peoria & Pekin Union
Railroad bridge and 4} miles above mouth of Kickapoo Creek.

DRAINAGE AREA.—Not measured.

REcORDS AVAILABLE.—March 8, 1910, to September 30, 1917; also March 10, 1903, to
July 21, 1906, for station at Peoria & Pekin Union Railroad bridge.

Gace—Vertical staff gage attached to wooden pile; read by employee of United
States Army Engineers.

DiscHARGE MEASUREMENTS.—Made from downstream side of Lower Free bridge,
about 2 miles below gage.

CHANNEL AND CONTROL.—Bed of river, which forms control for medium and high
stages, is mud and may shift. Dam at Copperas Creek probably forms control for
lowest stages; permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 18.4 feet June
15-17 (discharge, 34,800 second-feet); minimum stage, 10.0 feet October 14, 7-8,
10-18, and 20 (discharge, 10,000 second-feet).

1910-1917: Maximum stage recorded, 23.2 feet January 25, 1916 (discharge not
determined because of backwater from ice); maximum open-water stage recorded,
22.4 feet March 30 to April 2, 1913 (discharge, 55,000 second-feet); minimum
stage, 8.0 feet December 14, 1910 (discharge, 7,250 second-feet).

The highest known flood occurred in 1844, when a stage of about 26.6 feet on
the present gage was reached.

RecuratioNn.—The flow at this station includes the water diverted from Lake Michi-
gan through the Chicago Drainage canal.

Accuracy.—Stage-discharge relation practically permanent; seriously affected by ice
during the winters. Rating curve well-defined between 11,000 and 40,000
second-feet and fairly well defined beyond these limits. Gage read to half-
tenths once daily. Daily discharge ascertained by applying daily gage height
to rating table. Records good for open-water periods; poor for winter periods.

CooprERATION.—Gage-height records furnished by the United States Engineer Corps.

Discharge measurements of Illinois River at Peoria, Ill., during the years endmg Sept.

80, 1916-17.
- Gage Dis- - Gage | Dis-
Date. Made by height. | charge. || Pate- Made by height. | charge.
1916. Feet. | Sec-ft. 1917. Feet. | Sec.-ft.
June 27 | W.G. Hoyt.c.oene..... 17.45 | 30,700 || Mar. 31 | H. C. Beckman. . .| 15.03 | 20,500
Aug. 22 | H.C. Beckman........ 11.10 | 11,900 || July 30 |..... 16 0 TR 12.67 | 14,700
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Daily discharge, in second-feet, of Illinois River at Peoria, Ill., for the yearsending Sept.
30, 1910-1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. [ Aug. | Sept.
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Daily discharge, in second-feet, of Illinois River at Peoria, Ill., for the years ending
Sept. 30, 1910-1917—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. { June. | July. { Aug. | Sept.
1911-12,

U 42,800| 26,900] 19,900 12,300

2l 42,800| 28, 500| 19, 300 12,100

3oLl 42]300| 30,300, 18, 700 11,900

4l 42,800 31,200] 18, 700 11,800

R - 42,300| 32, 100| 18, 400 11,600
16, 700)

Benenneanaanns 41,8001 33,000} 17, 11,600

7 I 4175001 33,000] 17, 500 11,400

8Ll 13,000| 40,300 32, 100 16, 600 11,300

9 Il <.800| 31,600| 16,200 11,300

1000000 38,800] 30,300| 15, 800) 10,900

11, 000 )

Woeieaanns 37,800] 29,400| 15, 10,900

1l 36,300] 29,800| 15, 10,800

Bl 35,300| 28,100| 15, 10,600

7 331000| 28,500| 14, 10, 600

150 ) 32,600| 28, 100| 14, 10,800
14,200

16, s 12,700 32,100| 29,300 14, 10,600

7.l 12,700, 32,100] 30, 300| 14, 400 10,600

180T 14,600] 31,200| 29,800| 14, 400 10,400

19001l 16, ? 400 30,300] 14, 10,300

200,000 21,400 29,400 28,500| 14,200 10,200

S S 26,900| 29,400 28,500| 14,200 10,600

990 Il 30,300| 29,800| 27, 300| 14, 10,400

230 I 31,200| 20, 800| 26, 100] 14,200 10,300

240 I 33,000( 20,400 26, 100| 14, 000! 11, 10,300

95l 12, 50| 33,000] 28,400 25,300( 13,800 11,500 10,300

2Beaeaeannnn 12, 500 33,900 26,900| 23, 700| 13, 400] 11,800 10,300

27, Il 35,%00| 28,500| 22,100 13, 400] 11, 800) 10,200

N 37,%00] 28, 100| 21, 400| 13,000] 11,600 10,300

I 39,500| 29, 000| 22,100| 12, ; 10,300

Cr RN BT | T4 I | I R 41,300 27,700 20, 800| 12, 300] 11,600 10,200

ESRIRRSRORRON T/ vt | R ) IR OO 1,800(.--~...| 20,200]..."... 11

1912-13

Lo, 21,200 55,000| 22,900| 25, 10,000

CR 20,500 55,000] 21,700| 25, 10,000

3.l 20,200 3,900| 20, 800( 25, 10,000

a 19,900 ’800| 19,900| 24, 10,000

5ol 19, 600 52,300{ 19, 600| 23, 10,000

10,100 15,900

Beeeeeannns 51,8001 18, 700( 22, 9,860

7.l 50,800| 18, 100{ 22, 9,720

8.l 49,800| 17,800| 22, 9,720

9.l 49,800| 17, 800| 20, 300| 11, 900 9,720

0.l 49,300| 17, 200| 20, 9,720

eooieeaans 48,500 16,600| 19,600] 11,300 9,790

120l 0.300] 16, 200| 19, 9,860

I 16, 700) 1800] 16,000] 18, 9,720

Y I 5 50, 800| 16, 200| 17,800] 11,100 9,720

Bl 49,800| 15, 800 17,200 9,720
10,300

48,300| 15,800 16, 9,720

46,800] 15,800 16, 600 11,300 9,720

44.5300| 16,200 16, 400| 11,300 9,720

43,300{ 16, 200] 16,000| 11,300 9,720

40,800] 15, 800] 15,600 11,100 9,720

37,800| 15,800] 15,400 10,900 9,720

35,800| 16,600 15,400 10,800 9,7%0

33,400| 18, 400| 15, 9,790

32,100 19,600| 15, 9,720

31, 200| 20, 500{ 14, 600{ 10,600 9,580

16, 600) 29,800| 20,%00] 14, 9,720

28,500] 21, 400} 14, 9,720

27,300| 22, 100| 14, 400| 10,300 9,720

»300] 24,100} 14, 200] 10, 300) 9,720

247100| 25, 300] 13, 800| 10,300 9,580
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Daily discharge, in seotmd feet, of Illinois River at Peoria, Ill., for the years end'mg
Sept. 80, 1910-1917—Continued.

Day. Oct. | Nov. | Dec. | Jan. ]i:eb. Mar. | Apr. [ May. | June. | July. | Aug. | Sepf.
9,720] 10,000{ 10,300 16,900| 15,400| 17,200( 11,400| 8, 9,160
9,720| 9,860 10, 400 17,800| 15,000{ 16,600} 11,300| 8,880 9,720

19,300| 14,600{ 16,200 11,300 8,830 9,440

19,900 14,400 16,200| 11,300 8,740 9,530

0. 650 20,8060, 14, 16,400/ 11,000, 8,6 9,440
’ 21,100 14,400| 15,600| 10,900 8,600 9,720
22,900| 14,000/ 15,400| 10,900 8,600 10,000

10,700 22,500/ 14,200/ 15,600/ 10,800 8,600 10,200

» % 21,700| 13,800] 15,400{ 10,600 §&,320( 10,000

21,100] 14,200{ 15,400] 10,600 §,320/ 10,000

22,100| 13,800| 15,400| 10,300 8,740| 10,200

22,100| 14,800| 15,200| 10,300 §,600| 10,000

22, 500| 15,000| 14,800| 10,200 8,600 10,000

22,100 16,200| 14,600/ 10,200{ 8,880 10,000

0,450 21,700| 18,400} 14,400| 10,000 8,880 10,300
*71 13, 400| 21,100 19,600] 14,200] 10,000 8,880! 10,300
13,400] 20,800] 20, 800| 13,800/ 10,000| 8,600/ 10,300
14,000{ 19,900| 21,400] 13,600/ 10,000 8,600| 10, 400
14,200( 18,700 21,700 13,400, 9,860, 8,600 10,300
14,600] 19,600/ 22,100/ 13,000 9,720, 8,880 10,300
14,600( 18,100 21,400 12,700| 9,580 8,880/ 10,000
14,600{ 18,100 21,400 12,700 9,440, 8,880/ 10,000
14,600( 17,800( 21,100| 12,500 9,300 8,740 10,200
14,400{ 17, 200| 20,200 12,300| 9,440 9,160| 10,000
9,250] 13,600! 16,400] 19,600/ 12,500 9,440 9,160| 10,200
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Daily discharge, in second-feet, of Illinois River at Peoria, Ill., during the years ending
Sept. 30, 1910-1917—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

1915-16.

28,100| 13,400 10,600

A

Nore.—Discharge for periods when river was frozen over, estimated from gage heights, weather records,
and flow at other stations; braced figures show the mean discharge for periods indicated.
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Monthly discharge of Illinots River at Peoria, Ill., for the years ending Sept. 80, 1910-1917.

Month.

Discharge in second-feet.

Maximum.

Mean.

L et T

November........
December.........

8,550
10,800

10, 700

October. - i iiiiiiiiciiiieaes
November... ..
December. . .

November.
December.
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Monthly discharge of Illinois River at Peoria, Ill., for the years ending Sept. 36,
1910~191 7——Cont1nued

Discharge in second-feet.

Month.
Maximum. | Minimum.| Mean.

1915-16.

1916-17.

Octaober.
Novemb
DOCEIMIDET . « .o e et ieeaaeeeeeeeieieeaa|eeraaaaa R R 12, 500
January . .

Februar;

August....
L L R 12,300 11,100 11,700
RO JOAT < e oeeee e e e e 34,800 10, 000 | 14, 800

EKANKAKEE RIVER AT MOMENCE, ILL.

Locarion.—In sec. 24, T. 31, N., R. 13 E., at highway bridge in Momence, Kankakee
County, half a mile below Chicago & Eastern Illinois Railroad bridge and 1} miles
above Tower Creek.

DRAINAGE AREA.—2,340 square miles,

RECORDS AVAILABLE.—February 22, 1905, to July 20, 1906; December 3, 1914, to
September 30, 1917.

GaeE.—Chain gage attached to bridge over left channel; read by Oscar Conrad.

DISCHARGE MEASUREMENTS.—Made from upstream side of bridge across the two chan-
nels during medium and high stages, and by wading during low stages.

CHANNEL AND CONTROL.—Coarse gravel; practically permanent; river at gage divided
into two channels by an island. Aquatic plants sometimes grow in bed of river
during summer. Recent measurements show that there has been a change in
the stage-discharge relation as expressed by the rating curve used prior to July
20, 1906.

.
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EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 6.5 feet at 5 p. m.,
January 14 (discharge not determined because of backwater from ice); maximum
open-water stage recorded, 3.5 feet April 6 and 7 (discharge, 4,372 second-feet);
minimum stage, 1.67 feet September 29 and 30 (discharge, 534 second-feet).

1905-6 and 1915-17: Maximum stage recorded, 7.5 feet January 21, 1916 (dis-
charge not determined because of backwater from ice); maximum open-water
stage, 6.4 feet January 22, 1916 (discharge, estimated from extension of rating
curve, 12,600 second-feet). Minimum discharge, 360 second-feet, July 13-20,
1906.

Accouracy.—Stage-discharge relation permanent; seriously affected by ice during

/Wi.nter. Rating curve well defined below and fairly well defined above 3,100
second-feet. (age read to hundredths twice daily until April 30 and once daily
afterwards. Daily discharge ascertained by applying daily gage heights to ratin;

table. Open-water records good ; winter records roughly approximate. -

Discharge measurements of Kankakee River at Momence, Ill., during the year ending
Sept. 30, 1917,

[Made by H. C. Beckman.]

Gage Dis.
Date. height. | charge.
Feet, Sec.-ft.
June 21... 2.15 1,180
Aug. 11- 183 761

Daily discharge, in second-feet, of Kankakee River at Momence, Ill., for the year ending
Sept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1,720 | 1,720 3,800 | 2,080 2,160 990 | 1,070| 609
720 | 1,830 3,350 | 2,860 | 2,160 | 990 | 990 583
1,720 | 1,830 3,350 [ 2,500 | 2,280 1 915| 990 570
1,720 | 1,940 3,350 | 2,160 | 2,280 | 915| 945 570
L7020 | - 1,270 | 3,350 | 1,940 | 2,280 o80| 00| 70
c
720 | 2,160 4,370 { 1,720 | 2,280 | 1,070 728 570
720 | 2280 4,370 1 1,720 | 2,309 { 1,150 | 714 546
620 | 2,280 4,110 | 1,620 | 2,390 | 1,150 | 714 674
€20 | 2,500 1,620 | 4,110 | 1,520 | 2,280 { 1,150 | 687 635
620 | 2,500 1,520 | 4,110 | 1,520 | 2,280 | 1,150 674 609
620 | 2,620 1,420 | 3,850 | 1,520 | 2,280 | 1,150 661 596
520 | 2,620 1,420 | 3,850 | 1,420 | 2,160 | 1,240 | 648 583
520 | 2,620 1,520 | 3,850 | 1,420 | 1,940 | 1,330 | 622 583
520 | 2,620 2,500 | 8,850 | 1,420 | 1,720 | 1,330 | 622 583
240 1 150 570 2,980 | 3,850 | 1,330 | 1,620 | 1,330 622 583
'y

240 2,390 | 3,600 | 1,330 | 1,520 | 1,420 622 570
240 2,390 | 3,600 | 1,330 | 1,420 | 1,420 | 609 558
150 2,390 | 3,600 | 1,330 | 1,420 | 1,420 | 609 558
150 2,390 | 3,350 | 1,330 | 1,420 | 1,420} 598 558
150 2,390 | 3,350 | 1,520 | 1,420 | 1,330 | 596 558
150 2,390 | 3,350 [ 1,620 | 1,330 | 1,330 583 548
150 |11, 550 2,620 | 3,100 | 1,5201 1,240 | 1,330 | 583 546
330 3,350 | 2,980 | 1,520 | 1,240 | 1,520 | 622 558
420 3,100 | 2,740 | 1,520 | 1,150 | 2,180 | 635 546
520 790 | 2,860 | 2,620 | 1,420 | 1,150 | 1,720 | 622 546
520 920 2,860 | 2,620 | 1,420 1,150 | 1,330 | 609 | 546
520 2,740 | 2,390 { 1,830 | 1,150 | 1,240 | 609 546
520 2,500 | 2,160 | 1,720 | 1,070 | 1,150 | 758 546
620 2,500 [ 3,350 | 1,720 | 1,070 | 1,150 | 687 534
720 -| 2,500 { 3,100 | 1,830 | 1,070 } 1,070 609 534
....... : 2,500 |.......] o0 [..0....l Loro| 609 |.......

Note.—Discharge Dec. 15 to Mar. 8 estimated, because of ice, from gage heights, observer’s notes, and
weather records. Braced figures show mean discharge for periods indicated.
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Monthly discharge of Kankakee River at Momence, IlL., for the year ending Sept. 80, 1917.

[Drainage area, 2,340 square miles.

ischarge in second-feet.
Discharge econ t Run-oft
(depthin
Month. Per igchi;s on
. . rainage
Maximum. | Minimum, | Mean. sx%lilla(ex:e area),
1,160 0.496 0. 57
1,490 .63 N
1,870 2799 92
1,100 470 N W54
7 .301 31
2,100 .897 1.03
3, 1.47 1.64
1,700 L1726 84
1,710 731 82
1,230 .538 62
635 .297 34
570 .244 27
1,480 .632 8.61

KANKAKEE RIVER AT CUSTER PARK, ILL.

Locarrion.—In sec. 19, T. 32 N., R. 10 E., at Wabash Railroad bridge in Custer Park,
Will County, about half a mile above Horse Creek and 15 miles below dam and
power plant at Kankakee.

- DRAINAGE AREA.—4,870 square miles.

REcORDS AvArLABLE.—November 6, 1914, to September 30, 1917,

Gace.—Chain gage attached to bridge; read by J. H. Swords.

DiscEARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND cONTROL.—Solid rock strewn with boulders and gravel; right half of
channel deep, with fissures in bed; left half shallow. May shift slightly.
EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 10.8 feet June
9 and 10 (discharge, 15,000 second-feet); minimum stage, 5.0 feet at 5 p. m.

September 18 and 19 (discharge, 470 second-feet).

1915-1917: Maximum stage recorded, 12.6 feet July 11, 1915 (discharge, 21,300
second-feet); minimum stage, 4.09 feet November 15, 1914 (discharge not deter-
mined); mean .discharge for the day estimated 250 second-feet.

RecuraTioN.—Operation of power plant at Kankakee causes slight fluctuation at
gage.

Accuracy.—Stage-discharge relation changed slightly during year; seriously affected
by ice during winter. Rating curve used to March 12 well defined above 1,820
second-feet and fairly well defined between 1,130 and 1,820 second-feet; extended
below 1,130 second-feet; curve used after March 12 well defined above and
fairly well defined below 1,820 second-feet. Gage read to hundredths twice
daily. Daily discharge agcertained by applying mean daily gage height to rating
table. Records good for medium and high stages and fair for low stages during
open-water periods; winter records poor.

The following discharge measurement was made by H. C. Beckman:
August 10, 1917: Gage height, 6.03 feet; discharge, 1,840 second-feet.
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Daily discharge, in second-feet, of Kankakee River at Custer Park, IIl., for the year end-
ing Sept. 30, 1917.

Day. Oct. | Nov. | Dec, | Jan. | Feb, | Mar. | Apr. | May. | June. | July. | Aug | Sept.
1,670 | 1,670 3,680 { 2,880 | 3,270 | 2,150 | 1,440 | 1,510
1,670 ( 1,670 5,640 | 2,830 | 4,390 | 1,980 | 1,140 { 1,280
1,670 | 1,670 6,720 | 2,830 | 4,630 | 1,740 | 1,280 | 1,140
1,520 | 1,740 7,290 | 2,690 | 4,150 | 1,580 | 1,140} 1,
1,520 | 1,820 70 | 1140 7,880 | 2,600 | 3,470 | 1,440 | 1,000 875

1,670 1

1,520 | 2,060 |[ ! 1560 | 9:720 | 2,410 5,640 1,360 | 1,000 [ 940
1,380 | 2,060 d 9,720 | 2,410 [12; 1,440 | 1,280 940
| 1,380 | 2,240 9,720 | 2,320 |14,300 | 1,820 | 1,980 | 1,070
1,380 | 2,460 8,480 | 2,320 {15,000 | 2,150 | 2,150 | 1,440
2,690 7,290 | 2,230 [15,000 | 2,410 | 1,740 | 1,900
6,440 | 2,230 (13,300 | 2,060 | 1,580 | 1,740
5,900 | 2,060 (11,600 | 1,740 | 1,360 | 1,510
2,500 | 5,130 | 1,820 (10,700 | 1,580 | 1,210 | 1,280
5,900 | 5,130 | 1,820 | 9,100 | 1,440 | 1,070 | 1,000
7,000 | 4,630 | 1,740 | 7,000 | 1,360 | 1,000 | 1,000
7,200 | 4,630 | 1,740 | 5,640 | 1,440 { 940 810
7,290 | 4,300 | 1,600 | 4,630 | 1,580 | 875 875
6,170 | 4,390 | 1,520 | 3,910 { 2,320 | 875 588
5,640 | 4,390 | 1,520 | 3,270 | 2,320 745 611
5,130 | 4,630 | 1,520 | 3,070 | 2,230 | 940 745
4,390 | 4,390 | 1,450 | 2,600 | 2,060 | 745 | 1,000
4,300 | 4,390 | 1,600 { 2,320 { 1,820 | 875 706
4,150 | 3,910 [ 1,600 | 2,150 | 2,410 | 706 | 719
5,130 | 3,470 | 1,980 | 2,060 | 2, 6! 940 732
4,880 | 3,270 | 2,320 | 1,980 | 2,230 | 940 745
5,380 | 3,270 | 2,500 | 2,060 | 2,150 | 940 680
4,630 | 3,470 | 2,500 | 1,980 | 2,150 | 940 708
4,150 | 3,270 | 2,690 | 1,900 | 2,150 | 875 622

3,680 | 2,880 | 2,320 | 1,980 | 1,820 | 940
3,470 | 2,880 | 2,150 | 1,980 | 1,820 | 1,280 611
3,270 |....... 2,600 |....... 1,660 | 1,660 |...... .

Note.—Discharge Dec. 11 to Mar. 12 estimated, because of ice, from gage heights, observer’s notes, and
weather records. Braced figures show mean discharge for perjods indicated.

Monthly discharge of Kankakee River at Custer Park, Ill., for the year ending Sept. 30, 1917.
[Drainage area, 4,870 square miles]

Discharge in second-feet. Run-oft
(depth in
Per inches on

Maximum. | Minimum. | Mean. square dr;!;a)ge

Month.

1,230  0.258 0.29
1,950 -400 .48
1,470 -302 .35
939 -193 -20
3,640 47 .86
530| 1.10 1.23
2,160 .44 51
5850 120 [ 1
1,910 -392 .45
1,150 .238 .
948 2195 3

DES PLAINES RIVER AT LEMONT, ILL.

Locarion.—In sec. 20, T. 37 N., R. 11 E., at concrete highway bridge at Stephens
Street, about a quarter of a mile north of main section of Lemont, Cook County;
8 miles above junction of Des Plaines River and Chicago Drainage Canal.

DRAINAGE AREA.—T705 square miles.

REecorps avarmaBLE.—November 4, 1914, to September 30, 1917.

Gaae.—Enamel staff gage attached to bridge; read by William Weck, jr.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading
below dam.
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CHANNEL AND CONTROL.—A concrete dam forming a new control and changing the
former stage-discharge relation ‘was built across the channel about 500 feet below
the gage August 20, 1916; permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 5.6 feet at 8 a.m.
March 19 (discharge, 2,960 second-feet); minimum stage, 2.48 feet October 8,
10, 11, and 16, and September 5 (discharge, 9 second-feet).

1915-1917: Maximum stage recorded, 6.1 feet January 23, 1916 (discharge not
determined because of backwater from ice); maximum open-water stage recorded,
5.9 feet June 10, 1916 (discharge, 3,380 second-feet); minimum discharge, 3.9
second-feet (measured by current meter) November 26, 1914.

Accuracy.—Stage-discharge relation permanent; affected by ice during a short
period in February. Rating curve well defined between 120 and 2,220 second-
feet. Gage read to hundredths twice daily. Daily discharge ascertained by
applying mean daily gage height to rating table. Records good except those for
very low stages, which are fair.

Discharge measurements of Des Plaines River at Lemont, Ill., during the year ending
Sept. 80, 1917.

Date. Mado by— h(o}iﬁﬁz. ch?;rsée‘
Feet. Sec.ft.

314 346

120| 1,300

2,86 155

Daily discharge, in second-feet, of Des Plaines River at Lemont, Ill., for the year ending
Sept. 30, 1917.

D‘ay. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
19 212 315 232 2456 © 85 492 400 400 500 180 22
17 186 287 120 232 78 508 670 476 524 150 28
44 168 252 120 212 70 540 900 445 476 132 22
31 100 219 _J 138 200 52 532 805 385 350 100 10
19 115 212 180 180 59 508 760 329 315 80 9
10 115 273 266 168 66 625 715 445 245 70 28
24 115 ] - 238 371 156 80 715 625 670 232 66 24

120 329 460 144 95 670 524 305 22

19 168 378 422 132 120 540 422 625 180 70 22
9 259 445 385 115 14 476 315 524 180 66 22

9 357 430 385 95 335 245 445 156 52 22
15 329 422 371 82 371 378 212 415 144 44 22
28 273 385 371 70 715 329 212 400 95 33 22
24 232 232 315 66 1 1,050 287 180 476 150 33 22
10 238 287 301 63 {1,250 2380 168 760 180 33 22
9 168 357 245 58 | 1,460 245 138 805 329 31 28
33 168 245 226 521 1,630 219 120 625 430 33 22
19 156 245 212 61 | 2,460 238 120 524 371 33 17
48 150 232 200 70 | 2,830 245 120 415 329 28 17
24 168 212 200 78 | 1,200 301 110 329 280 33 28
100 156 193 200 87 | 1,050 400 110 315 259 28 33
180 132 162 232 95 | 1,050 245 120 238 219 24 22
378 168 132¢ 315 82 11,100 315| 212| 540 10 10
301 2066 156 242 70 | 1,460 430 670 150 900 15 10
315 430 132 168 82| 1,520 350 625 193 805 22 10
7 378 156 132 95 | 1,350 259 492 245 582 28 22
273 371 156 95 92 [ 1,150 308 245 430 10 31
301 357 180 150 88 { 1,000 287 350 273 329 22 23
237 313 212 168 301 329 430 259 22 28
233 315 232 670 308 315 476 245 22 10
219 |....... 200 540 |....... 329 |......n 212 10 |.......

Nore.—Discharge interpolated for Dee. 22 and every alternate day from Feb. 11 to Mar. 10; estimated
Feb. 1-10, because of ice, from gage heights, observer’s notes, and weather records.



. UPPER MISSISSIPPI RIVER BASIN. 173

Monihly discharge of Des Plaines River at Lemont, Ill., for the year ending Sept. 30, 1917,
a [Drainage area, 705 square miles. ]

Discharge in second-feet. Run-offt
(de]g)th in
Month. Per igc les on
. . rainage
Maximum. | Minimum. | Mean. sg&aée area).
378 9 106 0.150 0.17
430 100 224 .3
445 132 255 .362 42
460 95 248 .352 41
5 52 113 .160 17
2,830 52 831 1.18 1.36
715 219 392 .566 62
900 110 331 .540 62
150 436 .618
900 95 337 478 55
180 10 50.6 072 08
33 9 21.2 .030 03
2,830 9 284 403 5.47

DES PLAINES RIVER AT JOLIET, ILL.

LocarioN.—In NE. }sec. 9, T. 35 N., R. 10 E,, at Jackson Street Bridge, Joliet, Will
County, about 1,200 feet upstream from Cass Street Bridge. :

DRAINAGE AREA.—Not measured.

RECORDS AvarmLaBLE.—December 3, 1914, to September 30, 1917; on original chain
gage September 5 to December 19, 1914.

Gage.—Gurley seven-day water-stage recorder, installed December 3, 1914. Chain
gage attached to upstream side of bridge at Cass Street read from September 5 to
December 19, 1914.

DisCHARGE MEWSUREMENTS.—Made from upstream side of Cass Street Bridge.

CHANNEL AND coNTROL.—Channel excavated in solid rock, with a concrete wall on
either side; probably permanent.

EXTREMES OF DISCHARGE.—Maximum mean daxly discharge during da.ys of record for
the year, 10,600 second-feet July 24; minimum daily discharge, 6,340 second-feet
January 1.

1914-1917: Maximum daily discharge during days of record, 13,200 second-feet
June 10, 1916; minimum daily discharge, 5,420 second-feet, April 25, 1915.

Diversions.—Water is diverted to the Illinois & Michigan Canal at dam No. 1, about
100 feet above the gage.

Recuration.—Flow past the gage is largely regulated by the operation of the power
plant of the sanitary district of Chicago at Lockport, which utilizes the flow of
the Chicago Drainage Canal and, to a lesser extent, by the operation of the
Economy Light & Power Co.’s plant, about 100 feet above gage.

Accuracy.—Stage-discharge relation permanent; not affected by ice. Rating curve
well defined. Operation of the water-stage recorder satisfactory except for periods
indicated in footnote to daily-discharge table. Daily discharge ascertained by
use of discharge integrator. Records excellent.

Discharge measurements of Des Plaines River at Joliet, Ill., during the yéar ending
Sept. 30, 1917. .

[Made by H. C. Beckman.]}

G Dis-
Date. height. | charge.
Feet. Secft.
L 6.75 | @13,700
RPN MRS U 3.65 6,210

a The flow in the Illinois & Mnchiga.n Canal, diverting water around the gage, was 506 second-feet, as
measured by current meter.
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Daily discharge; in second feet of Des Plaines River at Joliet, Ill., for the year ending

Sept. 30, 1917. .

Day. Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept

6,340 | 8,820 | 7,960 | 8°150 | 7,970 | 8,470 | 9,890.| 9,400 ag

8,050 | 9,080 | 8,200 | 8,120 | 8,170 | 8,060 | 9,430 | 9,180 a

8,100 | 8,000 | 7,870 | 8,110 | 8,340 | 8,520 | 9,780 [v9,220 a

8,300 |6,920 | 7,660 | 8,460 | 8,970 | 8,470 | 9,800 | 9,200 a

8,110 | 8,000 | 7,930 | 8,800 | 9, 8,520 | 9,600 | 9,200 | (o
8,130 | 8,100 | 7,940 | 8 760 | 8,600 | 9,400 | 9,560 | 9,300 | 8,940
7,100 | 8,130 | 8,470 | 8,370 | 8,480 | 8,500 | 9,280 | 9,200 | 9,240
8,780 | 8,150 | 8,310 | 8, 8,580 { 9,070 | 9,710 | 9,000 | 9,720
8,660 | 8,340 | 8,040 | 8,190 { 8,260 { 9,100 | 9,420 [ 9,010 | 9,200
8,670 |b7,730 | 7,620 | 8,480 | 8,460 | 9,170 | 9,410 | 9,140 | 9,260
8,520 | 7,170 | 8,050 | 8,240 | 8,140 | 8,920 | 9,600 | 9,140 | 9,020
8,840 | 8,090 | 8, 7,990 | 8,130 | 8,510 {9,700 | 9,520 | 8,900
57,960 | 7,960 | 8,390 | 8,010 | 7,990 | 9,740 | 9,580 | 9,300 | 8,900
7,500 | 8,020 (10,000 | 7,950 | 7,780 | 9,640 | 8,740 | 9,310 | 9,080
8,500 | 8,180 | 9,130 | 7,660 | 7,770 | 9,700 | 9,600 | 9,040 | 8,740
(e 8,500 | 8,320 | 9,690 | 7,700 | 7,680 | 9,710 | 9,360 | 9,120 | 8,860
?l 8,520 | 8,090 | 9,450 | 7,590 | 7,720 | 9,610 | 9,950 | 9,200 | 8,340
a 8,310 | 7,980 | 9,410 | 7,540 | 8,150 | 9,900 | 9,760 | 8,940 | 8,800
(c) |8,240 [ 8,460 | 9, 7,640 | 7,220 | 9,580 | 9,660 | 9,840 | 8,370
8,420 | 8,170 | 8,100 | 9, 7,560 197,980 | 9,420 [ 9,920 | 9,220 | 8,420
8,590 | 7,930 | 8,150 | 8,920 | 7,500 9,490 [00,630 | 9,400 | 8,850
8,640 | 8,220 | 7,710 | 8,560 | 7,980 9,540 | 9,670 | 9,260 | 7,940
7,830 | 8,630 | 7,760 { 8,540 | 8,190 |28,500 | 9,380 {10,100 1 9,140 | 8 660
7,060 | 8,110 | 8,000 Ea) 8,220 9,470 (10,600 { 9,120 [ 8,950
57,650 | 8,360 | 7,820 | (a) | 8,100 9,280 (10,200 [ 9,160 | 8,860
8,330 | 8,340 | 7,660 | (o) | 8,020 [v8,860 | 9,260 | 9,930 | 9,260 | 8,810
7,890 | 7,520 | 8,130 a 8,040 | 8,920 | 9,320 {10, 1 8,960 | 9,410

8,170 | 6,980 | 8,390 a 8,320 | 8,700 | 9,540 b9, 09,2001 (a)
8,470 | 8,430 o) | 8,540 | 8,220 | 9,750 | 9,720 | 9,200 | 9,020
7,800 | 8,520 |. @ 7,910 | 8,170 | 8,930 | 9,320 | 9,100 | 8,340
6,650 | 8,660 () T PR 8,340 [.......| 9, 9,100 |.......

@ Norecord.
. b Discharge partly estimated because of incomplete gage record.

Note.—Daily discharge in the above table does not include the flow iu the Illinois & Michigan Canal
(see “Diversions’ in the station description). No gage height record Oct. 20, Jan. 14-16, Feb. 5, 6, May
21-25, Aug. 4-6 and 29-31; discharge estimated.

Monthly discharge in second-feet, of Des Plaines River at Joliet, Ill., for the year ending
Sept. 80, 1917.

Month Maximum. | Minimum. | Mean.
8,340 6,650 7,580
8,980 7,020 8,190
8,840 6,340 8,160
9,080 6,920 8,040
10,000 7,620 8,590
8,800 7,500 8,000
9, 900 8,060 9,200
10, 600 8,740 9,670
9,840 8,940 9,210

Nore.—Discharge in the above table does not include flow of the Illinois & Michigan Canal, which diverts
}Vlﬁteli gxound the gage. See “ Diversions’’in station description and measurement of flow in the canal made
y 12,
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FOX RIVER AT ALGONQUIN, ILL.

LocarioN.—In NW. 1 sec. 34, T. 43 N., R. 8 E. third principal meridian, at Chicago
Street Bridge in Algonquin, McHenry County, about 100 feet above Public
Service Co.’s dam and 500 feet above Crystal Lake outlet.

REcOrDS AvaruaBLE.—October 1, 1915, to September 30, 1917,

DrAINAGE AREA.—1,340 square miles (measured on map issued by U. S. Geological
Survey; scale, 1 to 500,000).

Gace.—Enamel staff gage attached to concrete abutment of bridge; read by Ed-
ward Pedersen.

CHANNEL AND coNTrOL.—Control is a concrete dam about 100 feet below gage; ap-
pears to be cracking and may settle.

DiscHARGE MEASUREMENTS.—Made from upstream side of bridge or by wading below
dam.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 2.8 feet at 7 a. m.
and 6 p. m., March 28 (discharge, 2,260 second-feet); minimum stage, 1.10 feet
September 7 and 8 (discharge, 279 second-feet).

1916-17: Maximum stagerecorded, 5.3 feet at 6 p. m., March 31, 1916 (discharge,
7,120 second-feet); minimum stage, 0.98 foot August 7 and 8, 1916 (discharge, 209
second-feet). *

Drverstons.—Water is diverted to operate grist mill at dam, which is run on average
of about 4 hours a day, except Sundays, from September to March, inclusive, and
one day a week during rest of year. If total used for each day were uniformly
distributed it would probably average less than 5 second-feet and never exceed
8 second-feet.

Accuracy.—Stage-discharge relation permanent; not affected by ice. Rating curve
fairly well defined. Gage read to hundredths twice daily As storage pond is
large the small amount of water used by grist mill does not noticeably affect the
gage heights. Daily discharge ascertained by applying mean daily gage height
to rating table. Records good.

Discharge measurements of Fox River at Algonguin, Ill., during the years ending Sept. 30,

1916-1917.
Gage | Dis- G Dis-

Date. Made by height. | charge. || Date- Made by— hﬁ_ charge.
1915-16. Feet. | Sec.-ft. || 1915-16. Feet. Sec.-gt.
Oct. 22| William Kessler....-.-. 2.82 | 2,730 || Sept. 8 | H.C, Beckman........ 12 63

2|...-.d 3 ) L 10T 122

12 |..... do.. K .

16 |-.--. do.. . 1916-17.

27 |--.-. do... .- Feb. 21a|..... 1.20 380
Nov.22a..... do. Aug. 28 |.... 117 330

29 1..... do 28 1.17 331

a Measurement made at C. & N, W. Ry. bridge 1.000 feet below gagﬁ; ‘poor measuring section,

b Discharge sugerced@s that published in Water-Supply Paper No. 435. Vertical-velocity curves_ob-
tained in 1915 and 1918 indicate that a coefficient of 0.97 should have been applied to the mean of the veloci-
tiesat 0.2and 0.8 of the depth in order to obtain mean velocity. The coefficient had not been applied to dis-
charge previously published for this measurement.
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Daily discharge, in second-feet, of Fox River at Algonguin, Ill., for the years ending Sept.
380, 1916 and 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1915-16.

5,860 | 1,540 664 860 232 305

5,450 | 1,470 664 810 232 305

5,250 | 1,400 664 759 220 305

5,050 | 1,400 620 2| 220 305

4,650 | 1,400 | 620 712] 215 310

4,450 | 1,400 [ 664 664 215 831

4,050 | 1,400 | 967 620 209 344

3,860 | 1,400 | 1,400 | 575 215 358

3,4% | 1,330 | 2,000 509 244 858

3,120 | 1,260 | 2,180 | 469 | 292 358

2,600 11,260 [ 2,180 | 438 | 324 358

2,430 | 1,140 | 2,260 408 331 372

2,260 | 1,140 { 2,260 | 380 | 331 372

2,180 | 1,080 | 2,260 | 344 | 331 372

2,000 [ 1,020 | 2,260 | 310 331 372

1,920 1 967 12,180 26 { 3831 872

1,760 914 | 2,180 279 331 422

1,610 f 8602090 | 279 324 454

1,540 860 | 2,000 279 318 461

1,540 | 860 | 1,920 279 318 461

1,540 860 | 1,340 279 318 461

1,540 860 { 1,760 267 318 476

1,610 810 | 1,610 261 318 492

1,610 759 | 1,470 255 318 500

1,680 | 712 [1,400 | 255 | 318 500

1,680 | 664 (1,330 | 255| 310 509

1,760 664 | 1,200 250 310 509

1,680 664 | 1,140 244 | 305 516

1,610 664 | 1,080 | 244 | 305 524

1,540 759 11,020 | 238 | 305 524

...... J o m2lei..] 238 805 foel....

2,090 | 1,330 860 860 | 664 305

2,090 | 1, 860 [ 967 664 298

2,000 | 1,470 860 | 967 | 664 292

2,000 | 1,540 810 | 1,020 664 292

1,020 1,920 | 1,540 810 | 1,020 | 620 286

1,020 810 477 358 362 11,840 | 1, 759 { 1,020 620 286

1,020 810 477 358 365 | 1,760 | 1,470 712 | 1,020 620 279

1,080 810 461 351 380 | 1,680 | 1,400 712 | 1,080 620 279

1,080 860 446 351 394 | 1,610 | 1,330 759 | 1,080 575 202

1,080 | 860 | 430| 351 454 |1,400 1, 810 | 1,020 | 575 305

1,080 | 860 415 3447 567|1,260| 1,080 | 86011,020) 575 305

1,080 914 415 344 712 | 1,080 | 1,020 914 967 558 318

1,020 914 415 331 810 | 1,020 | 1,020 [ 967 | 967 § 542 318

1,020 860 408 331 967 914 914 | 1,020 967. 525 331

575 967 | 860 408 | 324 1,080 860 860 | 1,080 | 914 509 34

575 967 810 401 318 | 1,330 860 810 | 1,080 | 914 492 351

558 967 759 401 312 | 1,680 810 712 § 1,080 860 477 358

558 914 712 401 312 11,840 810 664 | 1,020 860 461 358

575 914 664 394 316 | 1,840 810 620 | 967 810 446 358

664 860 620 394 319 | 1,920 810 620 914 759 430 365

) 712 810 542 401 324 | 1,920 810 620 | 860 769 | 415 365

by 759 759 477 401 328 | 2,000 810 664 860 712 401 372

b EEETEPP PR 759\ 7591 415] 3871 331|2000| 80| 664 810} 712} 387 372

. S . 810 712 394 387 334 1 2,000 860 712 810 712 372 380

25 i 810 712] 394| 3% 338 12,000 967 712 759 712 358 887

b T, 860 | 7127 387 2,180 [ 1,020 | 759 | 759 | T12| 34 304

2 860 759 401 2,180 | 1,080 759 712 712 331 401

. S 914 860 | 415 2,260 | 1,080 | 759 759 664 318 401

. 967 860 4151 - 2,260 | 1,200 810 810 664 | 318 408

L 967 | 860 415 2,180 1,260 | 8l0| 8lo| 664 312 415

'} 967 |--un-nn 45 2,090 |.......l 860 |-eienan 664 | 305 |--.-..-

NoTtE.—The above tables do not include small am, See “ Diver-

sions”’ in station description.

ount of water used to operate grist mill.
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Monihly discharge of Fox River at Algonquin, Ill., for the years ending Sept. 80, 1916 and
1917.

Discharge in second-feet. Run-off

gggth in

Month, es on

Per drainage

Maximum. | Minimum. | Mean. | square area).
* . mile.
1915-186.

2,430 810 1,470 1.10 1.27
1,020 492 616 460 .51
1,080 477 718 .536 .62
3,480 1,260 . 940 1.09
2,940 1,140 1,790 1.34 1.44
6,070 712 1,580 1.18 1.36
5, 860 1,540 2,710 2,02 2.2
1,540 714 .533 .61
2,260 620 1,530 1.14 1.27
860 238 412 .307 .35
331 209 287 214 25
524 305 410 306 34
6,070 209 1,120 836 11.36
976 542 690 515 .59
,080 712 929 W77
967 387 691 516 .59
477 365 410 306 .35
312 340 254 .28
2,260 351 1,280 955 1.10
2,090 810 1,250 933 1.04
1,540 620 989 738 .85
1,080 712 860 72
1,080 664 864 645 K
664 305 489 365 .42
415 279 340 254 .28
2,260 279 764 570 7.71

FOX RIVER AT WEDRON, ILL.

Location.—In sec. 9, T. 3¢ N., R. 4 E., at highway bridge at Wedron, La Salle
County, about 1,000 feet above Buck Creek.

DRAINAGE AREA.—2,500 square miles,

REcorDS AvarLABLE.—November 5, 1914, to September 30, 1917.

Gace.—Chain gage attached to bridge; read by Nels Mathias.

DisCHARGE MEASUREMENTS.—Made from upstream side of bridge.

CHANNEL AND coNTROL.—Bed of river at measuring section is soft and probably
shifts. Control about 1,000 feet downstream composed of coarse gravel and
large boulders; seldom shifts.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 11.6 feet at
4 p. m. March 14 (discharge, 10,200 second-feet); minimum stage, 5.90 feet at
4 p. m. September 4 (discharge 297 second-feet).

1915-1917: Maximum stage recorded, 15.4 feet March 14, 1916 (discharge not
determined because of backwater from ice); maximum open-water stage recorded,
13.8 feet March 29, 1916 (discharge, 16,700 second-feet) ; minimum stage, 5.62 feet
November 20, 1914 (discharge, 105 second-feet, by current-meter measurement).

RecuraTiON.—Moderate diurnal fluctuation is caused by operation of power plants
at and above Montgomery.

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation changed slightly by high water in March.
Rating curve used to March 10 well defined between 275 and 11,300 second-feet;
curve used after that date well defined between 1,130 and 11,300 second-feet,
and fairly well defined beyond these limits. Gage read to hundredths twice
daily. Diurnal fluctuation only moderate. Daily discharge ascertained by
applying mean daily gage heights to rating tables. Results good for medium
and high stages, fair for very low stages, and poor for periods of ice effect.

The following discharge measurement was made by H. C. Beekman:
August 9, 1917: Gage height, 6.52 feet; discharge, 743 second-feet.

96719°—19—wspr 455——12
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Daily discharge, in second-feet, of Fox River at Wedron, Ill., for the year ending Sept 30,

1917
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1,410 | 1,260 2,720 | 2,170 | 2,040 [ 1,500 | 730 | 378
1,410 | 1,310 2,720 12,720 1 1,910 | 1 690 343
1,360 | 1,220 2,570 | 2,430 | 1,670 | 13440 | 690 | 366
1,310 | 1,220 2,570 | 2,300 | 1,500 | 1,380 | 690 308
1,310 | 1,410 2,570 | 2,300 | 1,550 | 1, 652 | 544
960 | 80| 425
1,310 | 1,310 : 2,720 ] 2,000 | 2,870 [ 1,380 | 615] 580
1,460 | 1,220 2,430 | 2,040 | 2,570 | 1,790 | 652 | 544
1,220 | 1,220 2,170 | 2,040 | 1,910 { 1, 769 510
1,460 | 1,360 2,040 | 1,790 | 1,910 | 1,380 402
1,410 | 1,310 1,010 | 1,790 | 2170 [ 1,440 | 652 | 384
1,460 2,040 | 1,670 | 1,670 | 2,040 | 1,380 | 652 | 477
1,410 3,330 { 1,610 | 1,550 | 1,910 | 1,380 580 580
1,310 6,460 | 1,550 | 1,440 [ 5,520 | 1,380 | 580 | 402
1,310 9,620 | 1,550 | 1,330 | 5,080 [ 1,280 | 615 366
1,310 4,870 | 1,380 | 1)330 | 3,860 | 1,230 | 615 | 414
1,40 | 720 | 485 .
1,260 4,870 | 1,280 | 1,180 | 3,170 | 1,180 | 580 414
1220 4,450 | 17330 | 1080 | 2,720 | 1)380 | 615| 343
1,180 3,020 | 10280 |" 040 | 2,300 | 1)230 | 510 | 446
1,220 20720 | 10380 | 852 | 2,040 | 1,230 | 477 | 652
1,080 3,020 | 1,440 | 1,230 | 1,700 | 1,330 | 446 | 477
1,310 2870 11,4401 985)1,670 1,080 es2| 47
1,220 2870 | 17200 | 1,330 1 1,550 | 1030 | 652 | 510
1,360 3,680 | 1,230 | 1,440 | 1,500 | 1,330 | 510 544
1,710 4,050 | 1,500 | 1,380 | 1,440 | 1,550 | 477 446
u30 || . 440 | 37020 | 1,500 | 1,130 [ 1,330 | 1,280 | 477 | 544
1,260 |f 916| 685 3,330 [ 1,670 | 1,230 | 1,550 | 1,180 | 414 | 10
1,040 30170 | 1,670 | 2,170 | 1500 | 1030 | 378 | a4
1,180 30170 { 1,610 | 1,670 | 1,380 | 940 | 378| 544
1,220 ! .1 2,870 | 1,790 | 1,610 | 1,440 | 810 | 544 580
1,130 . . 1,550 | 730 | 414 544
JUSUOUR § E IR IOOURNN 3¢+ ) IR I 14 ) PR 810 | 390 |..... o,

Nore.—Discharge Dee, 11 to Mar. 10, estimated, because of ice, from gage heights, observer’s notes, and
weather records. Braced figures show mean discharge for perioas indicated.

Monthly discharge of Fox River at Wedron, Ill., for the year ending Sept. 30, 1917.
[Drainage area, 2,500 square miles.] -

Discharge In second-feet.
& Run-off
(depth in
Month. Per inches on
Maximum. | Minimum. | Mean. | squar dra;lznage
Taile. 2).
1,050 0.420 0.48
. 520 .58
1110 444 51
785 .314 36
599 . 240
2,710 1.08 1.24
1,810 72t 81
‘60| 652 75
2,180 872
20| 1508 59
574 .230
472 .189 21
1,290 .516 7.02

VERMILION RIVER NEAR STREATOR, ILL.

Locarion.—In sec. 1, T. 30 N., R. 3 E. third principal meridian, at highway bridge
known as Bridge No. 3, about 1} miles south of Streator, La Salle County, and
100 feet below Santa Fe Railway bridge. )

DrAINAGE AREA.—1,080 square miles.

RECORDS AVAILABLE.—July 27, 1914, to September 30, 1917.

Gaee.—Chain gage attached to highway bridge; read by Mark Morse.
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DiscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

CHANNEL AND CONTROL.—Gravel and rocks; probably permanent.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 11.8 feet at 4 p.m.
June 6 (discharge, 5,750 second-feet); minimum stage, 0.52 foot at 9.30 a. m.,
October 1 (discharge, 1.3 second-feet).

1914-1917: Maximum stage recorded, 22.4 feet January 21, 1916 (discharge,
estimated from extension of rating curve, 16,000 second-feet); minimum stage
0.45 foot August 16 and 17, 1914 (discharge, 0.7 second-foot).

Accuracy.—Stage-discharge relation permanent; seriously affected by ice during
winter. Rating curve well defined between 300 and 2,500 second-feet, and fairly
well defined between 10 and 300 second-feet and between 2,500 and 12,000 second-
feet. Gage read to hundredths once daily. Daily discharge ascertained by
applying daily gage height to rating table. Records good for open-water periods,
except for extremely low stages and for a period just before or after May 13, when
the gage was probably read 1.0 foot in error; poor for period of ice effect.

Discharge measurements of Vermilion River near Streator, Ill., during the year ending
Sept. 30, 1917. :

[Made by H. C. Beckman.]

Gage Dis-
Date. height. | charge.

Feet. Sec.ft.
Y 1.00 22.7
1.00 22,7

Daily discharge, in second-feet, of Vermilion River near Streator, Ill., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
13| 69| 19 32| 716] 228| 278 45 16
25| 7.31 18 s4| T6| 26| 282) 27 15
30| 65| 25 240| 783 | es84| 304, 204 19 16
18| 73| 23 854 | 6sa| 28] 193| 17 9.4
30| 52| 2 891{ 6sa| 464 | 146| 24 8.6

570 | 310
38| 52| 22 105 | 1,130 | 6s¢|s5,750 | 102 19 1
25| 73| 30 1022270 | 652[5400| 8| 16 | 109
15| 10 12 96| 930! es2f4eso| 77| 17 | 318
16| 15 88| so1| es2|46s0| 72| 16 | 304
16| 22 88| ssa| es2laeso] 67| 16 | 318
18| 2 193| 88| 620|4600] 6| 15 | 318
52| 24 82| 749| e20(370| 48| 14 | 318
52| 11 5400 | 716| 304 |4520| 47| 12 | 278
52| 11 25 2210 | 588 | 304 |3680| 13| 77| 150
52| 12 s | oo [ZHO| 5| g0l | 7] a4
52| 12 2,150 | 464} 20113560 16| 52| 30
25| 12 1 a9l 201 {Teo| 210] 60! 27
56| 12 L170| es2| 201 |10 11| 25| 22
56| 12 9| 70| 278| ‘88| 1w07| 47| 16
7.3| 15 1,000 si8| 28| 73| 15| 38| 10
15 | 18 1,050 s5¢| 25| 716| 93| 36| 86
15 | 15 no10! ss4| 252 464| 851 38| 9.4
12 | 2% now| s8] 252| 64| 81| 25 11
15 | 2 970 | 88| 22| 464 81| 22 9.4
14 | 30 145{ 930 | 7s3| 22| 37| sl 32 9.0
un |2 20| 350 854 | 783] 240| 332 133 28 8.1
9.4 26 749 | 7a9| 20| 22| 11| 2 6.0
9.4| 15 634 | 749 20| 265| 133 | 24 16
52| 18 662 | 749| 28| 28| 111 22 17
56| 18 56| 716| 228| 28| ‘88| 32 18
5.6 |-oeonn. 318 ... ... 28,0 80 28 |o.o....

NoreE.—Discharge Dec. 9 to Feb. 28 estimated, because of ice, from gage heights, observer’s notes,
and weather records. Braced figures show mean discharge for periods indicated. Gage probably reqri
1.0 foot in error for a period just before or after May 13, and computed discharge may be considerably in
error,
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Monthly discharge of Vermilion River near Streator, Ill., for the year ending Sept. 30,
1917.

[Drainage area, 1,080 square miles.]

Discharge in second-feet.

Run-off
(depth in
Month. ' Por igrch.es on
- ainage
Maximum. | Minimum. | Mean. sg:}lfe area).
[ 1017417 P 15 1.3 6.08 0.006 0. 007
5.2 5.2 .014 .02
6 . 021 .02
.349 .40
170 .18
825 .95
731 .82
. 389 .45
1.81 2.02,
.100 .12
.016 02
075 .08
. 374 5.09

SPOON RIVER AT SEVILLE, ILL.

Location.—In sec. 24, T. 6 N., R. 1 E. fourth principal meridian, at Toledo, Peoria
& Western Railway bridge about a quarter of a mile east of railway station at
Seville, Fulton County.

DRrAINAGE AREA.—1,600 square miles.

REcorDS AvAiLaBLE.—July 24, 1914, to September 30, 1917.

Gaee.—Chain gage attached to bridge; read to hundredths once daily by C. D. Bartlett.
Elevation of zero gage above sea level, 467.78 feet.

Discaarce mMEAsUreMmeNTs.—Made from downstream side of bridge; low water
measurements are made by wading below dam at railroad station.

CHANNEL AND CONTROL.—Control is a loose rock dam, about 2 miles downstream from
gage, used to create a reservoir for the pumping station of the Toledo, Peoria &
Western Railway.

ExTrEMES OF sTAGE.—Maximum stage recorded during year, 20.4 feet at 7 a. m.
June 15; mirimum stage, 2.10 feet at 7 a. m. October 11.

1914-1917: Maximum stage recorded, 26.0 feet January 23, 1916; minimum
stage, 1.35 feet July 31, August 28 and 29, 1914,
Ice.—Stage-discharge relation affected by ice during winter.

Data inadequate for determination of discharge.

Discharge measurements o:f Spoon River at Seville, Ill., during the year ending Sept. 30,

1917.
[Made by H. C. Beckman.]
- Ga; Dis- Gage | Dis-
Date. height. | charge. || D8te: height. | charge.
Sec.ft. Feet, | Sec.t.
Mar. 15 9,4’&) 8ePte T [eemeeemeeeeeeeeaann, 4.39 1%4
13 2,080 17 e 3.19 177
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Daily gage height, in feet, of Spoon River at Seville, Ill., for the year ending Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2.80 | 3.1 3.3 45 75| 41 | 4.0 |10.7 55| 6.8 | 3.85] 2.87
2.50{ 2.90( 3.2 4.3 6.7 4.1 4.0 9.2 5.5 6.5 3.65 2.56
2.45| 3.0 3.2 3.9 5.5 | 3.7 3.85] 7.1 4.9 6.2 3.55 2.46
2,401 3.0 3.2 3.7 50| 3.8 3.65| 7.0 4.6 5.1 3.30 3.8
2.25| 3.0 | 3.2 4.7 4.5 3.6 4.0 7.0 18.2 5.1 3.3 3.95
2201 3.0 | 3.1 6.5/ 45| 3.3 | 415 53 | 151 5.0 | 3.25|.......
2,20 2.901 3.1 9.5 43| 3.3 4.25| 4.8 14.21 4.2 3.2 4.45
2.201 2.90| 3.1 9.0 421 3.5 4.15| 4.6 12.1| 4.0 3.1 4.7
2.20] 4.2 3.1 7.5 4.0} 3.6 4.0 4.25 9.01 3.8 3.1 5.8
2.20| 4.4 3.4 6.3 3.9} 3.5 4.2 4.9 87| 5.2 2.85 8.6
2.10| 4.1 3.2 5.4 4.0} 3.95| 4.3 5.0 85| 4.8 2.75 9.2
2.151 3.9 3.0 5.0 4.3| 4.45| 4.15| 4.9 8.1 4.4 2.65 7.4
2.25| 3.6 2.70 4.8 4.3110.1 3.6 4.8 1541 4.251 2.6 7.0
2,40 3.4 3.0 4.5 4.5115.6 3.7 4.5 17.2| 405} 3.6 6.8
2.50| 3.3 3.0 4.5 4.7]16.4 3.8 4.45| 20.4] 3.9 3.55 5.7
2.60 3.1 | 3.0 4.4| 48175 | 3.6 | 43 | 184 3.75| 3.3 4.6
2.55| 3.1 2.90 4.4 4.1111.6 3.65 415 1511 5.4 3.1 3.2
2,501 3.2 2.80 4.2....... 7.3 4.7 4.1 12.21 5.1 3.0 4.4
2.501 3.2 2.70 4.0....... 7.0 5.0 4.0 10.2 ¢ 4.0 2.88 4.4
2.50 | 3.2 2.80 4.0]....... 6.6 8.6 3.85 81} 3.05| 2.72 4.5
3.8 3.1 2.80 4.0 3.8| 6.6 7.7 3.75 6.4 2.47 | 2.43 4.45
4.3 3.2 2.80 8.0 3.8 6.5 6.0 3.95 6.2] 3.2 5.2 4.35
3.5 3.4 2.801 11.6 3.8 86 5.6 4.15 6.1} 3.1 4.15 4.3
3.6 3.7 2.80 8.8 3.8] 8.6 6.1 4.0 6.1} 415} 4.0 4.2
3.7 3.6 2.80 7.8 3.8| 6.3 6.5 3.9 581 6.2 3.85 4.1
3.8 3.4 2.80 6.2 3.9| 4.7 6.3 3.85 581 5.1 3.7 3.95
4.0 3.4 5.3 5.3 4.0] 4.45/| 6.4 4.0 561 4.5 3.5 3.95
3.9 3.4 7.9 5.1 4.0] 4.2 6.6 3.7 6.5 4.05) 3.1 3.9
3.6 3.4 6.3 6.01.......] 4.2 6.6 3.65 8.3 3.9 3.6 3.85
3.4 3.3 5.5 5.2 . 4.1 7.2 3.55 5.8| 3.795| 3.5 3.8
3.3 |oennn 5.1 5.2 4.0 |....... 5.4 |....... 4.06 3.25 |.......

NorE.—~Stage-discharge relation probably affected by ice about Dec. 11 to Mar. 11.

SANGAMON RIVER AT MONTICELLO, ILL.

LocatioN.—In sec. 12, T. 18 N., R. 5 E. third principal meridian, at Illinois Central
Railroad bridge about half a mile west of Monticello, Piatt County.

DRAINAGE AREA.~—D50 square miles.

RECORDS AVAILABLE.—February 4, 1908, to December 31, 1912; June 23, 1914, to
September 30, 1917,

Gaee.—Chain gage attached to downstream side of bridge; read by David Coay.

DiscEARGE MEASUREMENTS.—Made by wading or from downstream side of bridge
and wooden trestle approach.

CHANNEL AND CONTROL.—Measuring section is at a pool; control consists of fine gravel;
likely to shift.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year,12.0 feetat5p. m.
June 9 (discharge, 2,530 second-feet); minimum stage, 1.7 feet, October 9-11,
14, and 16-17 (discharge, 8 second-feet).

Maximum stage recorded during periods of records, 15.2 feet May 14, 1908
(discharge, 9,280 second-feet); maximum stage during flood of March to April,
1913, 17.7 feet March 25 (discharge not known); minimum stage recorded during
periods of records, 1.5 feet July 31, August 1 and 3, 1914 (discharge, 1 second-
foot). '

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation changed slightly several times during year.
Rating curve used from March 16 to August 4 fairly well defined above 51 second=
feet; curves for remainder of year fairly well defined above b second-feet. Gage
read to quarter-tenths once a day. Daily discharge ascertained by applying
daily gage height to rating table. Open-water records good; winter records poor.
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Discharge measurements of Sangamon River at Monticello, Ill., during the year ending

Sept. 30, 1917.

[Made by H. C. Beckman.

Date.

Dis-

charge.

Sec.-t.

483
88.8
87.4

Daily discharge, in second-feet, of Sangamon River at Monticello, Ill., for the year ending

ept. 30, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb, | Mar. | Apr. | May. | June. | July. | Aug. | Sept-
10 12 17 34| 244| 186 301 | 443 63 67
12 12 17 29| 36| 13| 619| 358 48 54
12 11 17 29| 659 | 211| 52| 295 31 42

9.5 11 17 32| 815| 211| 425( 240 22 36
9.5 1 17 25 34| 63| 237| 659| 18| 239 32
20
9.5 11 17 20| 745| 340 | 1,500 | 151 | 456 29
9.5 11 20 25| 85| 4421,980| 130| 618 29
8.8 11 2 21| 724 358|2,400] 16| 715 194
2.0 12 24 23| 582| 295(2,530| 61| 508 218
8.0 14 24 24| 459| 251|2,340 88| 2% 242
8.0 14 24| 358 2112160 75| 140 148
9.5 14 251 205| 174 2,280 63| 113 96
9.5 14 490 | 251 152]2,040 59 6 75
20 14 1,100 211{ 130 | 1,770 55 69 59
8.0 14 ” . 1,320] 18| 115]1,3% 74 53 48
10
8.0 14 1,540 162 | 101 | 1,090 92 49 10
8.0 14 1,340 140 88 918 88 36 32
1 14 980 | 130 8| 745 &8 33 25
14 14 619 | 140 83| 619 83 27 23
14 14 4881 162 77| 510 7 21 23
17 14 358 162 711 425 55 21 23
17 14 205 | 174 83| 358 48| 100 23
17 17 25| 186| 125|1,150 40| 165 21
17 21 30| 32| 11| 287 | 804 30| 194 19
17. 21 453 | 125 326 | 459 48| 194 19
14 off 121 2 564 | 120| 205| sss| 5ol 1 19
14 23 425| 151 236 | 408| 342 73 19
14 23 310| 130 18| 493| 528 65 19
13 21 211 | 146 186 | 619| 357 46 19
12 21 186 | 162 | 140 | 528 186 73 16
12 feee... 162 |.e.o... 265 |..ono.. 9% 86 |oeuene .

Nore.—Discharge interpolated for Sundays and July 4 and 10; estimated, because of ice, for Dec. 11
to Feb. 28, from gage heights, observer’s notes, and weather records. Braced figures show mean

for periods indicated.

©
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Monthly discharge of Sangamon River at Monticello, I1l., for the year ending Sept. 30,
1917.

[Drainage area, 550 square miles.]

ischarge i -feet.
D e in second-feet Run-off
(depth in
Month. . Por inches on
Minimum. | Mean square inage
Maximum. . . quar area).
0.021 0.02
.027 .03
. 029 .03
. 034 .04
. 037 .04
.691 .80
.582 .65
.354 .41
1.96 2.19
273 .31
. 276 .32
.103 11
« 365 4.95

SANGAMON RIVER AT RIVERTON, ILL.

LocatioN.—In southeast corner of SW. } sec. 9, T. 16 N., R. 4 W. third principal
meridian, at Wabash Railroad bridge about a quarter of a mile west of Riverton,
Sangamon County, and 2% miles below mouth of South Fork.

DrAINAGE AREA.—2,560 square miles.

Recorps avarmmasie.—February 13, 1908, to December 31, 1912; August 7, 1914, to
September 30, 1917,

Gaae.—Chain gage attached to bridge; read by J. J. Washburn.

DiscuARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

CHANNEL AND CONTROL.—Measuring section is at a pool; control consists of fine
gravel and shifts slightly.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 27.4 feet at 4.30
p. m. June 7 (discharge, 19,900 second-feet); minimum stage, 7.43 feet at 8 a. m.
November 21 (discharge, 37 second-feet).

1908-1912; 1914-1917: Maximum stage recorded, 27.8 feet February 3, 1916
(discharge, 20,800 second-feet); high water of 1883 reached a height of about
32 feet on the present gage, and that of 1875 is said to have been one-half foot
lower (discharge not estimated); minimum stage recorded, 6.9 feet October 3-15,
1915 (discharge, 3 second-feet).

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation changed slightly during March. Rating curves
used before and after the change, well defined below and fairly well defined above
4,350 second-feet. Gage read to hundredths once daily. Daily discharge ascer-
tained by applying daily gage height to rating table. Records good for periods
for which daily discharge has been ascertained; fair for October; poor for winter.

Discharge measurements of Sangamon River at Riverton, IlU., during the year ending
Sept. 80, 1917.

Dis-
Date. Made by— hglzﬁ charge.
Feel. Sec.t.
June 6§ 27.80 21,
July 28 10.54 7
Sept. 10 12.16 1,260
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Daily discharge, in second-feet, of Sangamon River at Riverton, Ill., for the year ending
Sept. 80, 1917.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
50| 74 162 | 1,730 | 1,250 | 3,420 | 2,230 | 404 | 490
5| 68 152 | 2,380 [ 1,370 | 3,860 | 1,780 | 404 | 515
50| 72 162 | 2,330 | 1,410 [ 3,790 | 1,690 | 404 | 676
2] 7 152 | 2]280 [ 1,410 | 37790 | 17210 | 380 | 490
53 70 | 162|260 | Lm0 | G500 | 1, 278 | 490
340
8| 65 152 | 2,380 | 2,180 [19,200 | 1,030 | 236-| 502
46 67 142 | 2,380 | 1,030 19,900 | 927 | 416 | 619
50| 102 124 | 20280 | 10830 18,300 | 706 | 706 894
54| 106 102 | 2,180 | 1,880 14,600 | 676 | 706 | 1,140
58| 74 106 | 2180 | 1,780 (14,900 | 592 | 676 1,140
67 109 |1,780 | 1,780 | 9,800 | 86| 502 | 804
64 11 [ 1650 (1,610 | 9,440 | 502 | 619 647
55 5,160 | 1,410 | 1,410 | 9,080 | 400 | 465| 592
59 7,580 | 1,370 | 17210 | 0,980 | 465 368 | 676
L. 11,100 | 1,100 | 1,170 | 9, 40| 332 a4
550 4y 005 | 96018,300| 416 28| 380
47 995 | 94 |8010| 302| 236| 34
48 060 | s62|6120| 302 22| 308
45 960 | 862 |5610| 380 192| 15
4 804 | 894 |4, 3%0 | 18| 131
37 862 676 (2,80 | 3s0| 22| 102
a4 1,100 | 894 | 2,380 | 368 | 380 99
56 060 | 995 (20oso| soa| 5| 100
83 706 | 960 | 1.7 goa| 676| 105
116 676 | 960 [1.610| 619 | 490 97
N ne|f 4 619 | 095 |1,400 | 465| 416 04
27, 104 706| 0051490 490| 45| 102
28 99 1,030 | 1,030 [ 3,120 | 566 | 404 | 113
2. % 1,030 | 1,060 [ 2940 | 619 | 302| 105
30 93 vo60 [ 17370 | 2, 619 | 440
T OPRUSRUIUURI /A IOt | N IR IOORN 141, A 2680 [..0.... 566 | 465 |.......

Note.—Discharge, Oct. 1 to Nov. 3, estimated because of no

e-height récord, from records of discharge

of Sangamon River at Monticello and at Oakford; also Dee. 11 to Feb. 23, because of ice, from gage heights,
observer’s notes, and weather records. Braced figures show mean discharge for periods indicated.

Monihly discharge of Sangamon River at Riverton, Ill., for the year ending Sept. 30, 1917.

[Drainage area, 2,560 square miles.]

Discharge in second-feet.

. Run-off

(depth in

Month. Per inches on

Maximum. | Minimum. | Mean. sgnl;l? area).

55.0 0.021 0.02
62.5 .024 .03
53.5 .021 .02
190 .074 .09
100 .039 .04
2,800 1.09 1.26
1,450 . 556 .63
1,320 .516 .59
7,150 2.79 3.11
739 .289 .33
417 .163 .19
419 .164 .18
1,230 . 480 6.49




UPPER MISSISSIPPI RIVER BASIN, ’ 185

SANGAMON RIVER NEAR OAKFORD, ILL.

Locarion.—In sec. 6, T. 19 N., R. 7 W. third principal meridian, at highway bridge
3 miles northeast of Oakford, Menard County, 24 miles above Chicago, Peoria &
St. Louis Railway bridge, and 1} miles above mouth of Crane Creek.

DRAINAGE AREA.—5,000 square miles.

REecorps AvainaBLE.—October 26, 1909, to June 30, 1911; December 10, 1911, to
March 81, 1912; August 25, 1914, to September 30, 1917.

Gaae.—Chain gage attached to bridge; read by R. W. Schnell.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge.

CEANNEL AND CONTROL.—Bed composed of sand and fine gravel; shifting. The
river for some distance above and below station has been dredged and straight-
ened, thusincreasing the slope considerably and disturbing the regimen of flow.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 19.9 feet June
8 and 9 (discharge, determined from extension of rating curve, 33,300 second-
feet); minimum stage, 0.68 foot October 10-18 (discharge, 135 second-feet).

1909-1912, 1914-1917: Maximum discharge June 8, 9, 1917; minimum dis-
charge, 85 second-feet, August 30, 31, November 27, and December 2, 1914.

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation not permanent. Rating curve used to March
31, 19186, fairly well defined between 310 and 17,500 second-feet; curves used after
that date fairly well defined between 170 and 17,500 second-feet; extended above
17,500 second-feet. Gage read to tenths once daily till December31, 1914, and to
hundredths once or twice daily afterwards. Gage reading for March to September,
1916, somewhat unreliable. Daily discharge ascertained by applying daily
gage height to rating table. Open-water records good for medium stages, and fair
for low and very high stages; winter records poor.

Discharge measurements of Sangamon River near Oakford, Ill., during the year ending
Sept. 80, 1917.

[Made by H. C. Beckman.]

Gage Dis- Gage Dig-
Date. height. | charge. Date. height. | charge.
Feet, Sec.ft. Feet. Sec. ft
NOV. B e iaeicaceacaeanan 0.77 158 || Mar. 28. . occioiiiia i 6.34
Mar. 16. ... ..ol 11.98 10,000 || June 27 ... oiiiiiiiaians 6.40 2 950
2 S 10.48 8,160 || Sept. 8o vaeaiiiiaiaians 2.57 " 755

Daily discharge, in second-feet, of Sangamon River near Oakford, Ill. for the years ending
Sept. 30, 1914-1917.

Day. Aug. | Sept. Day. Aug. | Sept. Day. Aug. | Sept.
1914, -

1....

2..

3..

4..

5

6..

7.

8.

9
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Daily discharge, in second-feet, of Sangamon River near Oakford, IIl.

ing Sept. 80, 1914~1917—Continued. -

, Jor the years end-

Day. Oct. | Nov. { Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
101415
Lovoeieeennenns 202| 99 448 | 696 (15,900 | 1,670 | 7,000 | 12,800
gl 40| 99 448 | 600 (12,500 | 1,880 | 7,520 | 10,480
soLllli 140 9 427 | 554 [12/800 | 1,810 | 9,360 | 6,880
g 132 9 427 696 | 9,920 | 1,670 {10,800 | 4,330
5Ll 24| 9 4271 600 | 8,560 | 1,530 [10,500 | 3,770
Benemeennennnns n7| o 407| 510]6,280 | 1,320 9,500 3,060
7.l 99| 99 407 | 554 | 4,730 | 1,390 | 7,520 | 2,900
- 140 99 3871 906 |4,130 | 1,810 | 5,820 | 2,740
glllllllIlll 28| 99 368 | 1,460 | 3,410 | 2,500 | 5,600 | 2,900
100 n7| 9 427 | 1,020 | 2,740 | 2,900 | 5,710 | 2,980
L DUR u7| 9 6a7 | 798 | 2,740 | 6,160 | 5,270 | 3,770
1l 17| 9 708 | 647 3,140 | 8,690 | 4,940 | 4,530
B 7 9 798 | 600 | 5,160 | 8.820 | 3,860 | 5,160
1400l 17| 9 746 | 600 | 5,600 | 8,600 | 2,740 | 37950
ST I 17| 9 746 | 554 | 5,270 [ 8,560 | 2,340 | 6,760
eueeemenmnnnns ur| 9 606 | 468 | 4,730 | 9,080 | 2,020 | 10,900
1.l 7| o 647 | 407 | 3,950 | 9,220 | 2,740 | "9,640
W 17| 99 600| 368 ]3.060 | 7,780 | 2,900 | 9,920
W9 17| 9 554 | 329 2,580 [ 6,280 { 1,880 | 9,220
20l ur| @ 798 | 310 | 2,740 | 4,530 | 1,810 | 8)300
L T u7| 99 510 | 407 | 2,980 | 3,410 | 7,260 | 8,820
R 17| 99 510 | 448 | 3,410 | 2,660 [11,300 | 8430
= IR 17| . 99 6a7 | 427 | 4,330 | 2,180 [12] 7780
24, Il 08| 99 696 | 427 ) 4,730 | 1,740 [14,700 | 6,640
95l LIl 99| 99 746 | 468 | 4,530 | 1,530 [17,500 | 5,380
798 | 6,160 | 3,060 | 1,810 20,600 | 4,940
851 | 9,220 | 2,420 | 2,340 {22,200 | 4730
906 (11,200 | 1,950 | 2,180 {21,400 | 4,330
906 (13,700 | 1,740 | 2,100 [20,200 | 3860
851 (16,300 | 1,600 | 2,260 [16,900 | 2590
...... 167500 (... ...} 4)830 [14)700 |..7 ..
363 | 211
363! 203
3451 19
3271 113
202 167
2| 167
22| 167
5381 162
419 167
35| 154
538 | 154
651 | 154
68| 173
; 560 | 162
1,080 (11,200 |------01 3,950 | 2,790 | 3,430 | 2, 6081 477 154
Lol ... 3,770 1 2,790 | 4,040 | 1,880 | 605| 3845| 154
1,320 IR 35901 2,630 | 4,040 | 1,740 582| 327| 154
1,320 8500 2470 [ 3680 | 1,740 | 538 | 3271 154
va0f(| [l 3,410 | 2,390 | 3,350 | 1,670 | 517| 327 154
naeof| |l 230 | 2,390 3,110 | 1, 497] 29| 154
¢l
L390||  [e..... 3,140 3,080 | 1,670 s60| 276 1
1,460 3140 2,310 1 2,950 | 1,950 | 605 | 259 | 154
vagofl |l 3,140 [ 2/310 | 2,630 | 3,430 | 651) 2s0| 147
1,390 {{13,100( .- .- 3060 | 2,160 | 2,630 | 47020 | 605| 243| 140
200 ]|l » 900 5(1)33 2,630 | 3,770 | 582 9227| 140
Lo ..., 3,20 2,550 | 3,430 | 497| 9227|135
noso || (Ll 3,610 | 2,000 | 3,190 | 2,950 | 477) 227 128
1,080 0 30600 2,020 | 3,510 | 3, a3s] 27| 190
vogpo || [l 7320 | 1,950 | 3,590 | 2,630 | 438 | 227| 151
vooll |l 4670 1,880 | 3,770 | 2,310 | 400| 227 167
7173 L I 5,080 |.ovvuea 4,130 |..o...0 3631 2181.......
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Daily discharge, in second-feet, of Sangamon River near Oakford, Ill., for the years end-~

ing Sept. 30, 1914~1917—Continued.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
191617,
90| 173| 259 47| 2,550 | 2,470 [ 4,730 | 5,550 | 1,100 748
07| 13| 2 438 | 30110 | 2,630 | 5,600 | 5,550 | "9g0} 798
167 14| 3 438 | 4,040 | 2710 | 5,490 | 4,080 | se0]| 746
62| 14| 227 400 | 4530 | 2,950 | 5,160 | 3,320 | 70| 696
16| i) | 363 | 4,630 | 5,190 [12,200 | 2)790 | 650] 647
156 | 154| 212 363 | 4,730 | 3,430 17,100 | 2,400 | 6s0| 574
18| 145 382 { 5,160 | 3,500 (30,200 | 2190 650 574
148 | 154 382 | 4,830 | 3,430 [32,600 | 19s0| 750} 708
1ol 167 363 | 4,530 | 3,270 [33,300 | 1,770 | 1,280 746
135] 173 pa | 82| 4040 | 3,590 {30,200 | 1,560 | 1040 | 1,950
135 167 327 | 3,680 | 3,430 (25,000 | 1,490 | 1,040 | 1,600
135 18 327 | 30430 | 3,110 25,800 | 1,300 | 1,040 | 139
135 18110 g 497 13/110 | 2,790 [23,600 | 1240 | 039 | 10960
135 181 5,600 | 2,710 | 2/630 [21,500 | 1,110 | s38| 1,080
135 | 167 . 8300 | 2,870 | 2,230 (19,300 | 1,050 | 736 | 906
15| 167 10,100 | 2,310 | 2,160 17,100 | 1,220 | 635 69
135 167 11,000 | 2000 | 1050 J15,700 | 1220} 586 | 598
135|167 11,600 | 2020 | 1880 [14200 § 1160 | 533 | 52
148 | 167 10,800 | 2,790 | 1,740 13,100 { 1,200 | 91| 500
el 167 9,360 | 2,710 | 1,600 (11,900 | 1,100 | 468 | 452
73] 167 8,040 | 2,630 | 1,530 l10,800] 9s0| e10f 428
187 | 167 6,520 | 20310 { 2310 ) 9,620 | 920 {1,900 [ 382
1871 212 5,380 | 2,000 | 2630 | 8;560| 920] 'e25| 350
87| 23 4940 [ 1,050 [ 2390 | 6,700 { 1,200 | 90| 337
193 | 259 4730} 1,810 | 2)310 | 5,110 | 1,400 | 925 | 337
1871 259 |f 215 4,430 1,670 } 2,930 | 3,880 | 1,220 | se7| 337
173 | 259 39050 | 1,810 | 20160 | 3,050 | 1,720 | s14| 337
173 | 259 3590 [ 2,090 | 2000 | 6,200 | 1480 | 71| 337
173 | 259 320l 2160 | 2160 | 7,300 1320 | 35| 315
73| 250 3030 2,310 | 2300} 6,460 | 1,220 | 60| 315
T3 3 2710 |0 3350 {..._.. JLwol el .. .

Nore.—Discharge interpolated for about one-third the days in 1914 and June 11-15, 1917; ascertained
from estimated gage heights June 18-26, 1917; estimated, because of ice, from gage heights, observer’s

notes, and weather records, for Dec, 16-31, 1914, Dec. 16-31, 1915, and Dec. 7, 1916 to Feb. 20, 1917.

Gage-height record March to September, 1916, rather unreliable.

Monthly discharge of Sangamon River near Oakford, Ill., for the years ending Sept. 30,

1914-1917.
[Drainage area, 5,000 square miles.]
Discharge in second-feet. Runoff
(depth in
Month. - Per es on
Maximum. | Minimum.| Mean. | square - dmge
e. .
1914,
August 25-31.............. feeereateeaeaan 117 85 100 0.020 0.005
September........... Ceaeeesacactcae s 468 99 338 .068 |- .08
1914-15.
October....c.vveceeneess 99 118 .024 .03
98.1 .020 .02
102 .020 02
551 .110 .05
621 L124 .14
2,840 .568 .65
5,090 1.02 1.14
3,980 . 796 .92
9,330 1.87 2.16
6,120 1.22 1.36
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Monthly discharge of Sangamon River near Odkford, Il., for the year ending Sept. 30,

1914~1917—Continued.
Discharge in second-feet. Run-off
(depth in
Month, Per inches on
Maximum. | Minimum, | Mean. | square | drainage
mile. area).

Sl e Bl
5| EEBRIJI2IBEIR | R

SOUTH FORE OF SANGAMON RIVER NEAR TAYLORVILLE, ILL.

LocatioN.—In sec. 8, T. 12 N, R. 2 W., at Wabash Railroad bridge about 33 miles
southwest of Taylorville, Christian County, and about a quarter of a mile upstream
from highway bridge known as Half Acre Bridge.

DRrAINAGE AREA.—427 square miles.

RECORDS AVAILABLE.—February 11, 1908, to December 31, 1912; August 8, 1914, to
May 17, 1917, when station was discontinued.

Gace.—Chain gage attached to bridge; read by Louis Seelbach. On September 2,
1909, gage datum was lowered 2 feet. The gage heights to August 10, 1909, refer
to old datum; those from August 11 to September 1, 1909, are of no value because
of backwater from a construction dam built and used during that period. Gage
heights from September 2, 1909, to December 31, 1912, refer to new datum.
On August 8, 1914, the datum was changed by an unknown amount, all bench
marks being destroyed during construction of a new concrete steel-plate girder
bridge. Gage heights subsequent to August 8, 1914, refer to the datum used in
reestablishing the gage on that date.

D1SCHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading
below gage. -

CHANNEL AND CONTROL.—In August, 1909, a drainage ditch was dug along the river
in the vicinity of the station, which straightened the course of the stream but
coincided with the original channel at the gaging section. Though the cross
section of the channel at the measuring section was not changed, the stage-
discharge relation was considerably affected by the change in slope. Subsequent
to 1912 a new bridge was built, and since then the stage-discharge relation has
again changed. Measuring section is in a pool; control likely to shift.

EXTREMES OF DISCHARGE.—1914-1917: Maximum stage recorded, 16.1 feet at 1 p. m.
January 381, 1916 (discharge, 9,660 second-feet); minimum stage, 0.51 foot August
10 and 11 and September 29, 1914 (discharge, 0.6 second-foot).

Maximum discharge during periods of records same as for 1914-1917.
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Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation changed several times from 1914 to 1917;
affected by ice and by backwater from brush during spring of 1917. Rating
curves used from February 1, 1915, to March 31, 1917, fairly well defined between
264 and 2,520 second-feet; rating curves for other periods poorly defined. Gage
read to hundredths once daily. Daily discharge ascertained by applying daily
gage height to rating table. Records fair for medium and high stages during
open-water periods of 1915 and 1916; poor for remainder of time.

Discharge measurements of South Forl:t?[f Sangamon River near Taylorville, I11., during
" the year ending Sept. 30, 1917.

[Made by H. C. Beckman,]

Gage Dis-
Date. height, | charge.
Feet. Sec.t.
9.34 1,530
6.32 387
4.60 107

Daily discharge, in second-feet, of South Fork of Sanﬂamon River near Taylorville, Ill.,

Jor the period Aug. 8, 1914, to May 17, 1917.

Sept. Day. Aug. | Sept. Day. Aug. | Sept.
2.7 0.6 32 2.1
2.8 W7 1w 2.1
11 .7 13 2.0
18 2.7 9.2 1.6
14 1.6 7.8 1.3
14 1.3 6.8 1.1
45 1.1 6.0 1.0
190 .9 5.0 .9
77 .8 3.8 .6
43 6.0 3.0 1.2

Day. Oct. | Nov. | Dec. | Jan, | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept

1914-15, N
1 1.3 2.7 7.0 98 18 19 | 1,670 558 167 473
2.. 1.4 2.7 7.2 85 17 16 | 1,320 383 190 332
3.. 1.4 2.8 8.0 1,520 68 17 28 9 264 536 248
4., 1.4 3.0 8.0 63 17 42 581 190 558 178
5. 1.3 3.2 8.8 - 58 16 38 400 315 605 148
6 1.1 3.4 8.4 1,570 63 17 36 264 400 400 148
7 1.2 3.6 8.2 1,270 68 17 40 190 315 190 126
8 1.3 4.4 9.2 790 63 17 140 167 493 126 126
9 3.6 5.2] 10 349 63 18 105 140 851 91 148
10. 3.6 6.0 9.8 140 54 20 85 119 790 85 133
3.0 5.8 133 48 38 48 11,180 | 1,470 68 112
3.0 5.8 98 46 50 40 11,570 { 2, 63 105
28| 62 85| 44| 58| 30|L720|25%0| 58| 105
27| 70 85| 42| 2| 25|1270|230| 54 98
2.6 7.4 3 30 85 40 34 28 761 | 2,000 54 91
\

5.2 7.4 73 30 28 400 | 1,620 68 98
5.0 7.0 68 34 21 30 217 + 1,370 105 79
5.0 6.2 54 32 19 24 167 851 85 126
4.8 6.0 50 31 17 17 140 |, 473 148 349
4.0 8.0 42 32 17 20 315 315 167 349
4.0 6.0 36 32 17 36 11,270 217 | 3,210 264
3.8 6.0 34 31 19 157 | 1,370 178 | 7,150 383
32| 64 30| 100] 105|140 140|5.000] 264
2.7 6.4 28 79 950 119 | 4, 167
2.2 6.6 26 454 73 605 8 | 2,940 157
21| 7.0 8 25| 366 4| 218 og|2310| 112
2.1 7.0 25 203 | 3,030 140 167 | 1,620 105
2.1 7.0 21 112 | 3,390 157 157 | 1,370 105
2.1 6.8 20 2,770 315 140 119,

2.2 6.8 20 26 | 2, 680 119 (0] bt
24 eeennn 9. 2,000-1....... 140 | 605 |-eeenns
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Daily discharge, in second-feet, of South Fork of Sangamon River near Taylorville, I1i.,
for the period Aug. 8, 1914, to May 17, 1917—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1915-16.
91 85 91 7,870 514 232 111 102 | 111 11 2.1
79 85 21 3,690 448 232 111 102 | 84 7.4 4.2
73 85 85 2,530 383 232 111 111} 68 11 3.3
70 85 91 1,940 332 217 120 120 | 57 8.8 2.5
63 85 85 33 1,470 208 203 129 102 | 57 7.0 1.9
1,330
[ 58 85 8511 1,140 332 190 120 102§ 50 4.8 5.0
N 56 85 85 . 706 605 178 111 90 | 47 3.1 43
|- S 54 85 85 493 883 178 102 315 | 39 4.5 45
| 52 85 85 400 790 167 94 264 35 8.4 22
W 50 85 85 332 654 167 87 190 33 6.0 8.8
i . 48 85 112 761 208 536 167 80 129 | 29 5.0 4.0
120 . 48 85 178 | 1,570 208 473 157 80 117 27 6.8 1.9
1B 50 91 298 | 4,460 315 417 147 80 901 26 7.2 2.1
) 52 91 298 | 4,980 281 400 138 80 4] 43 10 1.3
L 54 91 217 | 3,900 232 366 138 87 681 54 16 .9
56 91 178 | 3,030 232 332 129 102 65| 35 18 1.1
58 85 232 | 2,450 417 298 129 203 62| 31 17 1.0
60 85 383 060 605 248 120 157 60| 31 15 1.1
73 91 435 | 1,720 883 264 120 120 57| 26 7.6 1.1
85 98 366 | 1, 851 232 120 94 74| 24 5.0 1.1
85 98 264 | 1,180 761 217 157 87 7331 90 3.5 1.9
79 98 232 | 1,420 761 217 157 84| 1,520 43 2.9 1.5
79 98 203 | 1,670 | 1,100 217 147 80| 1,880 | 37 2.3 1.3
73 98 203 | 1,670 | 1,320 203 138 711,720 27 2.1 1.1
73 98 203 | 1,420 | 1, 203 120 74| 1,370 | 21 1.7 .9
3| 8 1,100 1,370 | 203 120| 71| 68| 17 17 10
73 a1 i 916 | 1,100 217 129 74 400 | 15 2.1 .9
79 91 165 1,100 820 264 129 80 264 | 12 1.5 5.2
79 91 1,370 629 264 120 102 190 | 11 1.9 3.1
85 91 2,850 f....... 264 111 111 147 9.6 1.5 1.9
85 |.ennaan 9,460 [....... 248 |....... 102 |....... 7.8 1.7 {ciueen
Day. Oct. | Nov. | Dec. Jan. Feb. | Mar. | Apr. May.
1.3 11 11 19 107 224
1.1 10 10 15 192 283
1.1 9.6 9.6 12 435
1.3 10 9.6 12 385 301
1.3 9.6 9.8 11 266
45 1.5
1.1 9.6 9.6 10 249 301
.9 9.8 9.6 10 249 385
1.1 9.8 10 11 224 320
1.3 10 11 200 283
1.1 11 11 192 249
1.0 10
1.1 10
1.1 10
1.3 11 5
2.3 11
12 1.2
4.5 11
3.5 10
2.7 10
8.0 10
9.0 10
9.4 10
9.0 10
55| 11 /
10 17 20
10 19 9 7
10 16
10 14
11 bt I | N O
10 m g e
ol A I Hona

Norr.~=Discharge interpolated for Nov. 8 and 9, 1914, Mar. 2, 1916, and Mar. 30, 1917; estimated for Dec.
11, 1914, to Feb. 5, 1915, Jan. 1-10, 1916, and Dec. 9, 1916, to Feb. 28, 1917, because of ice, from gage heights,
observer’s notes, and weather records,” Braced figures show mean discharge for periods indicated,
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Monthly discharge of South Fork of Sangamon River near Taylorville, Ill., for the period
Aug. 8, 1914 to May 17, 1917.

[Drainage area, 427 square miles.]

Discharge in second-feet. Run-off

depth in)

Month. \ P éfa.i es on

" - er square nage

Maximum. | Minimum, | Mean. ‘mile. (area),
1914

August, 8-31.. i 49 0.6 5.90 0.014 0.01

September. ... ..o viieee i ciiiiiaaas 190 .6 17.8 .042 .05
1914-15.

October.. . 0064 .007
November. .013 .01
December. .015 .02
January. .. .083 .10
February.. 1.18 1.23
March..... .102 .12
April...... .173 .19
May....... 1.17 1.35
June....... 1.62 1.81
July....... 1.60 1.84
August. . 2.65 3.06
September..........oooiiiiiiiiiiiin, 417 .46
The year 752 10.20
October. ...l . .158 .18
November... . . .209 23
.428 .49

4.82 5.56

2,76 2.98

854 .98

365 .41

237 .27

873 97

090 10

015 02

013 o1

897 12.20

.012 01

.026 03

.018 02

.049 .08

.015
1.06 122
.319
627 40

SOUTH FORK OF SANGAMON RIVER AT POWER PLANT NEAR TAYLORVILLE, ILL,

LocarioNn.—In sec. 14, T. 13 N., R. 3 W., at Chicago & Illinois Midland Railroad
bridge about 6 miles northwest of Taylorville, Christian County, about 500 feet
east of power plant of Central Illinois Public Service Co., 5 miles below mouth
of Bear Creek, and 8 miles below station formerly maintained at Wabash Railroad
bridge.

DrAINAGE AREA.—H10 square miles (measured on map issued by U. S. Geological
Survey, scale, 1 to 500,000).

RECORDS AVAILABLE.—May 18 to September 30, 1917.

Aee.—Chain gage attached to bridge; read by R. T. Teaney.

DiscrArRGE MEASUREMENTS.—Made from up stream side of bridge or by wading.

CHANNEL AND coNTROL.—Soft mud; likely to shift.

EXTREMES OF DISCHARGE.—Maximum stage recorded during period of records,
26.6 feet June 6 (discharge, 10,400 second-feet); minimum stage, 3.68 feet at
9 a. m. August 21 (discharge, 3.8 second-feet).

A stage of about 27.3 feet on the present gage is said to have been reached
January 31, 1916 (discharge, 11,300 second-feet).

DrversioNs.—An average of about a half second-foot of water is used for boiler-féed

and other purposes at the power plant,
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Accuracy.—Stage-discharge relation probably permanent during period of records.
Rating curve fairly well defined above 25 second-feet. Gage read to hundredths
twice a day. Daily discharge ascertained by applying daily gage height to
rating table. Records good except those for extremely low stages, which are fair.

Discharge measurements of South Fork of Sangamon River at power plant near Taylor-
ville, Ill., during the year ending Sept. 30, 1917.

Date. Made by— h(:i‘; S chDa.irsg-e. Date. Made by— h(ii};ﬁ;. c}?;sée
Sec.-ft. Feet. | Sec.-ft.

May 18 | H.C. Beckman...,.... | 102 {t June .8 21.43 5,040
June 1| G.J. Trinkaus. . X 1,430 2 5.83 109
7lons AOureacnrnrmennnnnn . 8,090 || Sept. 11 9.72 504

Daily discharge, in second-feet, of South Fork of Sangamon River at power plant, near
Taylorville, T11., for the year ending Sept. 30, 1917.

1
Day. May. | June. | July. | Aug. | Sept. Day. May. | June. | July. { Aug. | Sept.

155 | 23 116 630 23 7.6 34

108§ 14 87 536 21 6.4 27

96| 11 59 390 19 5.6 20

76 8.6 30 300 17 5.0 17

621 11 24 240 15 4.4 15

52| 14 2|2l .iias 76| 200 13 3.9 16

47 | 220 32|[22........... 96 191 19 70 15

421 59 806 || 23............ 220 164 25 | 522 14

381 96 743 || 24, ...l 330 146 240 12

36| 62 P25 F 300 128 128 | 137 11

321 40 412 1] 26. ... .o.oo.e 240 112 200 | 84 10

281 28 146 || 27, .ooioaan 370 96 116 | 32 14

26| 16 92 || 28.......ooe 663 112 146 | 73 17

23 12 59 (29 ..ot 956 124 99 | 280 16

23 9.0 42 130, ...oo... 1,150 200 52 | 350 13

) WA 1,410 |....... 341260 |[.......

Note.—No gageheight record for May 20, June 17, July 8, 22, and 29, Aug. 5, 12, 19,and 26, and Sept.2,
3, 9, 16, 23, and 30; discharge interpolated.

Monthly discharge of South Fork of Sangamon River at power plant near Taylorville, I11.,
for the year ending Sept. 30, 1917. '

{Drainage area, 510 square miles.]

o K
Discharge in second-feet. Run-off

(depth in

Month, Per inches on
Maximum. | Minimum. | Mean. | square dl;ielgge

. mile. . -

1,410 76 434 0.851 0.44

10, 400 96 1,640 3.22 3.59

200 13 58.2 L114 .13

522 3.9 87.1 171 .20

806 10 i 120 .235 .26

KASKASKIA RIVER AT VANDALIA, ILL.

Locarron.—In sec. 16, T. 6 N., R. 1 E. third principal meridian, at highway bridge
at east end of Main Street, Vandalia, Fayette County, about 3% miles above
Hickory Creek.

DrAINAGE AREA.—1,980 square miles.

REecorps avamasre.—February 26, 1908, to December 31, 1912; August 11, 1914, to
September 30, 1917,
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Gage.—Chain gage attached to bridge; read by Wilson Haley.

DiscEARGE MEASUREMENTS.—Made from downstream side of-bridge or by wading.

CHANNEL AND CONTROL.—Measuring section is at a pool; may shift.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 23.0 feet at 9 p. m.
June 6 (discharge, 16,400 second-feet); minimum stage, 0.52 foot October 14 and
November 16 to 19 (discharge, 19 second-feet).

1908-1912 and 1914-1917: Maximum stage recorded, 23.0 feet June 6, 1917 (dis-
charge, 16,400 second-feet); minimum stage, 0.38 foot August 12, 1914 (discharge,
13 second-feet).

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation changed during high water in June. Rating
curve used till May 31 well defined between-270 and 10,800 second-feet; curve
used after that date well defined between 327 and 10,800 second-feet; both curves
fairly well defined beyond the limits mentioned. Gage read to hundredths once
daily. Daily discharge ascertained by applying daily gage height to rating
table. Open-water records good; winter records poor. ,

Discharge measurements of Kaskaskia River at Vandalia, Ill., during the year ending Sept.

30, 1917.
[Made by H. C. Beckman.)
Gage Dis~
Date. height. | charge.
Feet., Sec.t.
3153 ¢ 0 b PR 3.84 528
SN 3.91 521
»

Daily discharge, in second-feet, of Kaskaskia River at Vandalia, Ill., for the year ending
Sept. 80, 1917.

Pay. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
28 22 43| 473 254 | 1,270 | 3,690 | 6,660 | 1,500 | 685 552
28 22 42| 52 222 | 3,890 | 2,460 | 8,600 | 1,440 | 603 458
28 21 36| 568 185 | 2,340 | 1,580 | 7,560 | 1,300 | 458 307
27 20 36| 619 153 § 1,480 | 1,480 [ 6,880 | 1,260 { 369 231
26 20 81,380 (| | o f 14712100 1,809,300 1,190 | 348 196
26 20 34 | 2,500 141 | 1,940 | 2,220 [11,100 } 1,130 | 307 180
2% 20| 37|1,690 136 | 1,800 | 2,180 { 9,820 | 950 |- 770 165
23 20| 105 | 1,100 147 | 1,580 | 2,140 | 8,060 | 830 { 1,190 950
22 28 120 912 141 | 1,440 | 2,100 | 7,560 685 685 770
20 24| 130| 730 130 | 1,340 | 2,020 | 7,560 | 630 | 552 528
20| 2 125 | 1,240 | 1,980 { 6,900 | 552 | 360| 458
19 172 | 1,100 | 1,720 | 6,180 | 504 | 327 528
1 21 2,300 | '976 | 1,580 | 5,930 | 481 | 287 458
19 20 4,000| 821,380 [5,280| 458] 231 391
20 19 125 15 3,940 760 | 1,270 | 4,470 435 213 327
20 19 160 | 3,690 | 730 | 1,100 | 4,190 | 413 | 196 268
21 19 3,440 613 |1, 4, 3911 172 222
22 19 040 | 619 | 976 | 3,300 | 435 158 196
28 19 2,740 568 912 | 2,720 391 138 172
32 19 2,660 544 790 | 2,480 369 132 158
43 19 2, 560 520 730 | 2,160 327 231 132
41 20 2,460 | 496 [ 2,500 [ 1,750 | 287 | 1,010 1
40 40 2,140 | 473 2,660 | 1,400 | 8271 630 102
38 60 2,840 | 47311,550 | 1,300 | 391 | 504
36 56 3,000 | 429 |1, 1,190 | 307 | 435 96
33 36|t 410 2,460 | 407 | 1,240 | 1,070 327 96
30 34 1,980 429 11,170 369 249 90
28 49 1,760 | 2,580 | 2, 1,100 | 577| 165 84
2 46 1,520 | 3,690 | 4,040 { 1,330 | 1,160 | 458 78
24 46 2| 1,380 | 3,940 | 3,490 | 1,780 | 1,010 | 713 72
23 |....... 140 |0 5,490 |....... 830 630 |.......

Nore.—Discharge interpolated for Mar. 21; estimated for Dec. 11 to Feb. 21, because of ico, from gage
heights, observer’s notes, and weather records. Braced figures show mean discﬁarge for periods indicated.

96719°—19—wsp 455——13
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Monthly discharge of Kaskaskia River at Vandalia, IUL., for the year ending Sept. 30, 1917.

[Drainage area, 1,980 square miles.]

Discharge in second-feet. Run-off
(depth in
Month. Per inches on
Maximum. | Minimum, | Mean. | square dr;;‘.'e’:;ge
0.014 0.02
.014 .02
104 12
216 .25
093 .10
687 77
995 1.15
2,40 2.68
345 .40
221 .25
142 16
. 505 6.88

EKASKASKIA RIVER AT NEW ATHENS, ILL.

LocatioNn.—In W. 4 NE. } sec. 28, T. 2 8., R. 7 W. third principal meridian, at
IMlinois Central Railroad bridge about 600 feet north of railroad station at New
Athens, St. Clair County, about a mile below mouth of Silver Creek and 3 miles
above mouth of Lively Creek.

DRAINAGE AREA.—5,220 square miles.

RECORDS AVAILABLE.—January 23, 1907, to December 31, 1912; June 22, 1914, to
September 30, 1917. Gage height of river was taken on Wednesday and Thursday
mornings from January 23, 1907, to October 28, 1909, by C. J. von Roth Roffy
for the New Athens Journal, and by whom they were published. Record
authentic. Gage heights have been reduced to the present datum; maximum
error probably not more than 0.4 foot, decreasing with increase of stage.

Gaae.—Chain gage attached to bridge; read by Henry Hoffman.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge to which gage
is attached or from highway bridge about 500 feet downstream.

CHANNEL AND coNTROL.—Sand and gravel; may shift.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 26.1 feet June 14
(discharge, 25,700 second-feet); maximum discharge, 26,100 second-feet, June 13;
flow for both these days affected by backwater from Mississippi River; minimum
stage recorded, 2.43 feet at noon October 11 (discharge, 142 second-feet).

Maximum stage recorded during periods of records, 35.7 feet August 26, 1915
(discharge, 63,100 second-feet); minimum stage, 2.08 feet August 10, 1914 (dis-
charge, 102 second-feet).

Ice.—Stage-discharge relation affected by ice.

Accuracy.—Stage-discharge relation changed slightly during year; affected by back-
water from Mississippi River when height on gage of United States Weather
Bureau at Chester, Il1., is above about 14.0 feet, and by ice during parts of winter.
Rating curves used during periods of no backwater from the Mississippi fairly
well defined. Gage read to hundredths once daily. Daily discharge for periods
of no backwater ascertained by applying daily gage height to rating tables; for
periods of backwater determined from daily gage heights at New Athens and
Chester by slope method described in Water Supply Paper 345, page 53. Records
fair for period of backwater effect, poor for periods of ice effect, and good for
Test of year,
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Discharge measurements of Kaskaskia River at New Athens, Ill., during the'year ending
Sept. 80, 1917.

-
[Made by H. C. Beckman.]
Gage Dis-
Date. heiglt. charge.
Feet. Sec.-ft.
May 17 8.22 e 1,730
6.52] 41,120
4.79 616

e Backwater from Mississippi River when measurement was made. (See “Accuracy” in station
description.)

Daily discharge, in second—feet of Kaskaskia River at New Athens, Ill., for the year ending
Sept. 30, 1 917

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
210 | 287 330 | 3,050 1,020 | 2,230 | 9,540 (12,100 | 1,850 | 1,270 360
185 [ 267 308 | 2,160 990 | 4,750 |10,200 (13,800 | 1,670 1 270 486
210 228 267 | 1,640 890 | 6,670 {10,500 |14,600 | 1,650 1 110 572
219 | 228 | 247 | 1,720 740 | 7,040 [11,000 |15,200 | 1,620 1,270 659
185 202 | 228 7,260 1100 710 | 7,320 11,000 (15,100 | 1,530 | 992 570

2
1 185 | 228 |10,600 680 | 7,550 {10,900 (14,000 | 1,430 | 753 486
185 170 [ 228 (12,400 590 | 6,770 {10,500 (12,700 | 1,340 [ 629 433
1 170 | 710 (13,000 560 | 5,380 | 9,480 [12/200 | 1,270 | 570 | 3,150
177 170 | 1,940 (13,000 531 | 5,380 | 7,770 11,700 | 1,180 513 | 4,430
170 170 | 2,210 (12,400 503 | 5,560 | 4,850 (11,600 | 1,060 | 570 | 3,850
j S DO 142 170 | 2,120 11,100 503 | 5,200 | 3,020 (14,600 980 | 1,590 | 2,600
148 170 | 1,800 (10,100 680 | 4,730 | 2,370 |21,000 905 1 1,350 | 1,350
148 | 170 | 1,280 | 5,580 2,120 | 3,670 | 2,150 (26,100 | 810 ] 920 955
148 170 { 7920 | 3,530 4,550 | 2,680 | 2,040 |25,700 741 690 753
155 177 |\ 1,480 a7 6,510 | 2,180 | 1,990 |23,200 680 | 570 629
. 5

155 177 8,510 | 1,820 | 1,850 20,100 670 486 629
148 170 8,130 § 1,670 | 1,610 117,400 | 607 | 433 570
148 162 7,860 | 1,480 | 1,450 |15,200 | 574 | 408 513
155 170 1,240 6,780 | 1,330 | 1,350 {13,300 5471 360 459

170 162 355 o 5,860 | 1,340 | 1,240 {12,000 540 | 3837
4,730 | 1,400 | 1,190 [11,000 | 532 360
4,020 | 1,380 { 3,900 {10, 200 538 | 337 292
3,680 | 1,340 | 5,980 | 9,260 [ 593 ! 202 282
3,580 | 1,260 | 6,700 | 8,060 593 513 260
3,680 | 1,230 { 6,940 | 5,160 | 1,270 250
4,070 ( 1,170 | 6,780 | 2,790 | 1,230 | 513 230
4,070 1,080 | 5,540 | 1,960 | 1,590 [ 753 230
3,800 | 2,860 | 4,100 | 1, 2,720 | 570 211
3,360 | 6,150 | 4,750 | 1,430 | 8,100 | 513 193
2, 8,090 | 6,050 | 1,380 | 2,210 [ 4 184
2,260 |....... 8,300 |..%.... ,350 | 384 |.......

Note.—Discharge estimated for Dec. 15—26 Jan, 16-23, and Feb. 1-20, because ofice, from gage heights,
observer’s notes, and weather records. Braced uglur show mean discharge for periods indicated. Dis-
charge Mar. 30 to July 28 determined by slope mel because of backwater from Mississippi RIVB!‘. (See
“Accuracy” in station description). )
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Monthly discharge of Kaskaskia River at New Athens, Ill., for the year ending Sept. 0,

1917.
[Drainage area, 5,220 square miles. ] -
Discharge in second-feet Run-off
(de}}])th in
Month. Por igc 165 on
) . - drainag
Maximum. | Minimum. | Mean. 51(%313;0 area).

0.041 0.05

.051 .06

. 270 .31

. 816 .94

.180 .19

. 609 .7

.701 .78

1.08 1.24

2.39 2.67

.232 .27

.132 15

.168 19

THe JOAr - - meeeaeeeeenaeneaennnnn 26,100 12| 2,90 | . 556 ‘ 7.55

BIG MUDDY RIVER AT PLUMFIELD, ILL.

LocatioN.—In W. } sec. 20, T. 7 S., R. 2 E., at highway bridge at Plumfield, Franklin
County, about 6 miles west of West Frankfort, 113 miles below mouth of Middle
Fork, and 2 miles below station formerly maintained at Chicago, Burlington &
Quincy Railroad bridge.

DrAINAGE AREA.—753 square miles,

RECORDS AVAILABLE.—August 18, 1914, to September 30, 1917; June 16, 1908, to
September 30, 1912, and November 1, to December 31, 1912, maintained at the
Chicago, Burlington & Quincy Railroad bridge.

Gace.—Chain gage attached to bridge; read by Louis Robertson.

DiscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

CHANNEL AND CONTROL.—Probably permanent; low-water control is about a quarter
of a mile below gage. Point of zero flow is at a stage of about 0.6 foot.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 24.7 feet at 5 p. m.
January 8 (discharge, 9,770 second-feet); minimum stage, 0.84 foot at -6 p. m.
October 14 (discharge, 3.4 second-feet).

1914-1917: Maximum stage recorded, 30.2 feet February 1, 1916 (discharge,
16,300 second-feet); minimum stage, August 18-26, 1914, when there was no
flow past the gage.

Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation probably permanent during period of records
except as affected by ice during parts of winters. Rating curve fairly-well de-
fined between 43 and 13,500 second-feet. Gage read to hundredths twice daily
to May 10, 1917, and once daily afterwards. Daily discharge ascertained by
applying daily gage height to rating table. Records good except those for ex-
tremely low and high stages, which are fair; poor for periods of ice effect.
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Discharge measurements of Big Muddy River at Plumfield, Ill., during the year ending
gept. 80, 1917,

-
-

Date. Made by— poiie | chonge, || Date. Made by— Pkl | e
Feet. | Sec.-ft.
Dec. 29| G.7J. Trinkaus......... 13.97 1 2,050 [ Mar. 29
Jan. 9| H.C.Beckman. 24.28 | 9,310 || Sept. 14
16|, ... 11.31 531 14
225 9,06 | 1,150

a Ice along shores; probably an ice jam below gage.
b Measurement e during rapidly rising stage.

Daily discharge, tn second feet, of Big Muddy River at Plumfield, Ill., for the years ending
Sept. 80, 1914-1917.

Day. Aug. | Sept. Day. Aug. | Sept. Day. Aug. | Sept.
1,160 0.0 50
910 .0 29
466 .0 24
196 .0 25
103 .0 17
67 || 26 .0
010 27.... 4.2 58
3314 28.... 14 43
76 ( 29.... 9.0 27
85| 30.... 43 18
31 494 |....... -
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1914-15.
) 14 9.6 6 2,820 11,730 | 19 7.0| 4,040 | . 2,240 43 3,120
2 8.8 6 5,680 955 | 18 6.2 3,610 | 2,480 123 2,320
8.0 6 8,230 4251 16 5.2 3,070 2,560 312 11,610
8.0 12 8,830 2181 15 4.6} 2,280 2,680 910
7.4 16 2% 8,530 399 15 4.1 1,640 2,720 133 | 336
7.0 22 7,830 790 | 14 4.8 895 2,560 85 85
6.2 35 7,110 8951 14 9.6 670 2,180 46 50
6.0| 123 6,380 ] 730| 13 207 336 | 2,120 28| 34
5.8 108 5,120 466 | 12 133 27 2,000 20, 27
5.0 76 4,100 312 13 123 123 | 2,240 19 32
4.8 3,070 229 | 15 67 85| 2,320 36 28
4.5 2,090 174 | 14 50 80 [ 2,280 252 23
4.5 1,360 133| 13 42 207 | 2,060 399| 20
38 925 108 12 32 76 | 1,480 336 17
27 730 98| 11 22 67 955 625 14
35 560
19 580 76| 11 18 62 790 | 1,020 14
15 386 67| 11 15 41 640 | 1,080 13
13 240 62| 10 13 39 494 20 | 153
8.6 58 9.0 11 123 360 20 | 174
7.8 11 14 113 218 1,360 | 113
8.0 50| 10 17 550 128 1
8.0 46| 10 1,180 3,170 33
7.4 46| 10 1,560 80 | 5, 21
7.4 42| 9.0[1,970 | 1,880 54| 7,80| 16
7.0 39 8.6 12, 2,060 33 |8, 12
28 | 70| 20 35| w.2l2,70 | 2,000 (800 93
25 7.0 30 7.0 {2,920 | 1,440 19 | 7,370 8.4
17 6.6 28| 7.4 13,220 | 1,030 14 | 6,470 16
14| 70 27| 7.0(3,610 | 1,540 46| 5,40 72
13 6.8 23| 6.6 4,110 | 1,940 118 | 4,530 | 123
10 ..., 22l ... .. 4,250 |..... . 76 13,670)...... .
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Daily discharge, in second-feet, of Big Muddy River at P lumfeld, I1l., for the years ending
Sept 30, 1914-1917—Continued. :

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. [ Aug. | Sept.| Oct. | Nov. | Dec.
1915-16.

1 | 94 4,7 18 | 2,210 {16,000 174 153 31 438 26 7.8| 252
98 4.4 16 | 2,820 15,900 174 133 29 438 19 12 103
76 4.5 153,320 14700 19°| 185 301,220 17 7.4 80
50 4.7 14 | 3,550 (13,600 218 373 30| 1,320 13 9.6 90
29 4.8 12| 3,490 |12,400 386 336 31 1,220 10 14 67
22 46 10]3,170(11,300| 565 240] 30]1,300| 240 12 58
17 4.8 10| 2,680 |10,100 | 1,140 163 1,640 1 229 9.6 50
14 5.0 11 | 2,150 830 | 1,440 153 2511,760 | 118 8.0 58
13 4.8 10| 1,400 1 7,370 | 1,640 196 30! 1,880 67 7.01 610
10 4.8 10 985 | 5,930 | 1,790 31 | 2,000 38 7.0 | 885

8.2 6.2 163 | 1,280 | 4,530 | 1,580 26 | 2,150 26 6.4 | 565
7.2 43 700 | 1,970 | 3,320 985 196 22 | 2,000 21 6.2 196
7.0] 31 820 2,640 480 153 19} 1,560 | 153 7.6 85
7.8] 16 745 2,320 264 118 17 | 1,040 5 196 46
7.2| 25 480 2350) 218| 04| 229 ‘38| 174 | ™5 31
6.61 22 2,150 | 1,940 207 721,120 5081 118. |1,000 23
5.8 17 1,910 1,760 396 58 1 1, 595 76 [1,100 17
54| 23 |2 1,610 18 46| 75| 4 58 11,180 14
5.0 103 3,120 ,560 163 39 386 5651 128 1,240 11
4.8 (386 {3,370 1, 153 42| 163| 508 1,460 9.3
4.6 | 252 3,120 | 1,420 | 1,000 128 240 128 360 174 |1,640 7.8
4.4 98 2,600 | 1,320 625 118 480 153 412 163 {1,730 7.0
4.3 1,760 | 1400 | 466 108] B00| 118| 264} 123 |1,610 6.2
4.2| 39 970 | 1,440 730 103 185 98 324 76 11,100 5.0
4.2 35 910 | 1,400 865 113 143 76 276 42 580 5.0
4.2 29 1,100 | 1,240 760 {¢ 174 108 80 218 252 4.8
4.2 25 1,220 | 1,030 522 466 76 54 153 17 123 4.7
4.4 22 1,160 | 1,460 336 565 58 37 94 14 348 43
4.3 21 1,020 { 2,680 229 425 43 32 58 9.6 T15 43
4.4 20 1,300 | 7,640 |....... 300 37 27 37 7.4] 820 67
4.6 |....... 1,640 [13,300 {..... . 207 )e...... 276 {..oe... 6.4] 640 |.......
76 12 33 | 2,360 128 805]1,760| 1,180 | 30 6.0
10 29 | 2,060 143 { 2,120 | 2,120 | 1,610 21 522 1
28 8.4 25 | 1,970 163 | 3,370 | 2,440 | 1,910 14° 760
22 7.0 23 | 2,090 153 | 4,250 | 2,480 | 2,090 12 700 336
17 6.2 50 | 3,270 410 123 | 4,880 { 2,360 | 2,120 10 324 373
14 10 36 | 6,110 94 | 4,960 | 2,120 | 2,180 9.3 196 196
11 16 22 | 8,730 76 1 4,670 1 1,700 | 2,240 12 118 113
8.2 14 240 | 9,770 85 14,250 | 1,060 | 2,180 9.9 72
6.6 16 670 | 9,3 80 | 3,850 480 | 2,120 8.4 76 373
54| 19 1,140 | 8, 76 | 3,490 218 | 2,210 7.2 39 452
4.8 43 [1,320/ 7,100 67 |3,370 | 153 | 2,520 6.4] 39 360
4.4 35 1,300 | 5,840 163 | 3,170 118 | 2,560 5.4 25 143
4.0 39 1,080 | 4, 895 | 2,720 90 | 2,400 4.8 18 62
3.5 36 1,500 | 2,150 72 12,180 4.8 15 32
4.8 28 2 1,760 | 1,360 58 | 1,910 5.2 14 21
6.2 24 2,000 715 46 | 1,240 4.8 46 15
5.2 22 610 2,210 300 39 640 4.7 46 12
9.6 20 2,180 153 33 185 4.7 29 9.3
13 18 1,970 123 27 90 4.3 13 8.4
18 17 1,460 108 24 54 4,2 9.0 8.2
% | 17 120 54! 7m0l 90| 2| 30| s4| 70| 90
24 16 1,000 50 730 85 252 30 5.0 7.8 300
19 16 1,360 54 895 103 595 24 5.2 14 123
20 23 1,540 72 910 76 715 21 4.5 16 41
27 24 1,700 118 820 54 480 17 4.3 8.0 23
25 94 1,460 143 580 39 288 15| 100 42 17
22 94 835 128 348 33 143 141 196 37 11
20 76 1,540 438 123 229 98 360 13| 820 20 8.6
16 54 2,030 640 |....... 163 760 970 81 |1,000 14 7.2
14 41 2,320 | 1,180 |....... 113 | 1,360 | 1,160 20 |1,080 10 6.0
13 |....... 2,480 | 1,440 |....... 85 [....... 1,020 |....... 1,040 7.2 ..... ..

NotE.—Discharge estimated for Dec. 11, 1914, to Jan. 31,1915, Jan. 13-20 and Dec. 15-27, 1916, Jan. 14-21
and Feb. 1-20, 1917, because of ice, from gage heights, observer’s notes, and weather records. Braced fig-
ures show mean discharge for periods indicated.
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Monithly discharge of Big Muddy River at Plumfield, Ill., for the years ending Sept. 30,
1914-1917.

[Drainage area, 753 square miles.]

Discharge in second-feet. Run-off
(depth in
Month, ’ . Per inches on
Maximum, | Minimum. ] Mean. square | drainage
mile area).
1914,
August 18-31. . i 494 0 40.6 0.054 0.028
37763753 11127 1,160 17 239 317 .35
535 62
013 .01
141 .16
539 .62
413 4.30
.359 4
.015 02
1.16 1L
1.46 1.63
1.55 1.79
3.03 3.49
.418 .47
Theyear. .. ... i 8,830 4.1 825 1.10 14. 86
1915-16.
October. .... .. 98 4.2 17.3 023 .03
November. . 386 4.4 43.8 .058 .06
December . . 3,370 10 1,010 1.34 1.54
January........ 13,300 985 , 600 3.45 3.98
February....... 16,000 229 5, 6.64 7.16
March... ... . .............. 1,79 103 479 . 636 .73
Aprilo. ... 480 37 163 .216 A
May..ooieiiie e 1,120 17 165 219 .25
June. ... .oiiiiiiiiia.. 2,150 37 840 112 L%
July. ool 348 6.4 83.7 111 .13
August... ...l 1,730 6.2 536 712 .82
September... ... 5 4.7 114 .151 W17
The year. . ..o, 16,000 4.2 905 1.20 16. 36
1916-17.
October 76 3.5 17.1 .023 .03
November.. ' 94 6.2 28.5 .038 .04
. 708 .82
3.77 4.35
<242 .25
. 899 1.04
2.36 2.63
1.00 115
1.50 1.67
.190 .22
.174 .20
147 .16
.926 12.56

BIG MUDDY RIVER AT MURPHYSBORO, ILL.

Locarion.—In SW. } sec. 8, T. 9 8., R. 2 W, at lower highway bridge, South Twen-
tieth Street, about a quarter of a mile below mouth of Louis Creek at Mobile &
Ohio Railway bridge.

RECORDS AVAILABLE.—December 6, 1916, to September 30, 1917.

DrAINAGE AREA.—2,170 square miles (measured on map issued by U. S. Geological
Survey; seale, 1 to 500,000). ]

Gage.—Chain gage attached to bridge; read by G. A. Johnson until May 21 and by
E. B. Jacobs afterward. , ’

CHANNEL AND coNTROL.—Heavy clay; may shift.

DrscHARGE MEASUREMENTS.—Made from downstream side of bridge or by wading.

EXTREMES OF DISCHARGE.—Maximum stage recorded during period of records, 33.3
feet at noon January 10 (discharge, 15,600 second-feet); minimum stage (inter-
polated), 2.32 feet September 30 (discharge, 29 second-feet).

About February 2, 1916, the river reached a height of 89.6 feet—the highest
known stage—on the present gage (discharge, ascertained from extension of
rating curve, 28,000 second-feet).
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Ice.—Stage-discharge relation seriously affected by ice.

Accuracy.—Stage-discharge relation changed slightly during high water in January;
affected by ice during a period in February, and by backwater from Mississippi
River when height on gage of U. 8. Weather Bureau at Chester, Ill., is above
about 10.0 feet. Rating curves well defined between 435 and 9,000 second-feet,
and fairly well defined between 45 and 435 second-feet and between 9,000 and
18,200 second-feet. Gage read to hundredths once daily. Daily discharge
during periods of no backwater ascertained by applying daily gage height to
rating table; not determined for periods of backwater. Records good except
those for very high and low stages, which are fair; poor for period of ice effect.

Discharge measurements of Big Muddy River at Murphysboro, I1l., during 0 year
ending Sept. 30, 1917.

[Made by H. C. Beckman.]
Gage Dis- Gage Dis- Gage Dis-
Date height, | charge Date. height. | charge. Date. height, | charge.
4 .
Feel. | Sec.ft. Feet, Seciﬂ. Feel, | Sec.ft.
Dec. 6........ 3.10 146 || Jan. 14. 46 3,480 || July 26a...... 5.32 46
Jan. ¥0........ 33.30 { 15,600 10.02 1,670 {i Sept. 15........| 3.34 157
15........ 27.20 | 10,300 6. 60 i 15 332 148
7. 22.30 7,380 || Mar, 6. 67 495
8oL 18.69 5,540 || May 8.18 239

o Backwater from Mississippi River when measurement was made.

- Daily gage height, in feet, of Big Muddy River at Murphysboro, I1l., for the year ending
Sept. 30, 1917.

Day. Dec. | Jan. Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
17.21 14.0 3.2 15.6 20.1 12.4 1.6 8.3 5.2
15.6 § 13.3 4.0 20.5 20. 6 22.3 11.4 8.2 [........
18,41 12.5 4.0 - 23.7 21.4 23.0 11.6 8.3 4.4
19.8 1 12.4 4.6 | ....... 21.6 23.5 11.4 8.5 3.25
25.1 9.0 5.1 |eceennan 21.6 23.8 1.2 | ....... 3.15
3.1 26.6 7.0 4.7 20.2 23.4 1.0 6.6 4.9
2.2 29.1 5.4 4.3 19.4 21.9 10.8 4.9 6.0
6.7 3L.7 4.0 4.3 18.4 20.7 |eee..... 4.8 5.4
10.5 33.2 4.0 4.6 17.1 20.2 10.0 4.1 |........
13.8 33.3 7.4 4.3 15.0 20.1 9.8 3.8 6.4
14.2 32.6 3.25 3.8 ceennnnn 18.6 20.0 9.7 3.55 6.5
13.7 31.8 3.15 8.2 ........ 12.3 20.2 Q5. 5.6
12.5 30.2 3.05 4.7 |eeennns -11.1 20.8 9.3 3.1 4.9
10.5 28.5 3.0 17.9 |..oooe.t 10.2 21.5 8.7 2.86 3.6
8.5 27.1 2.96 . 9.3 22.1 9.2 3.1 3.2
6.6 24.4| 2.80 8.7 22.2 8.7 3.4 |oeeaoias
4T 22,1 2.72 8.2 21.9 8.1 4.2 2.80
4.2 18.6 3.0 8.3 21.2 7.6 5.3 2.72
3.4 14.3 3.05 7.4 20.1 6.9 3.6 2.70
3.5 9.9 3.1 6.6 19.4 6.3 2.90 2.50
3.0 66| 3.4 6.2 18.4 6.0 2.84 2.48
3.15 8.4| 3.55 7.4 17.5 5.9 2. 66 2.36
3.2 1.6 3.4 8.9 16.6 5.8 2.54 3.3
3.1 12,3 3.55 10.3 15.2 5.8 2.52 3.1
3.2 12,1 3.55 9.9 14.4 5.4 2.48 2.90
4.4 1.8} 3.8 0.4 1. 8.5 13.4 5.3 1. o.... 2.50
12.5 1.6 4.0 9.0 |. 7.5 12.4 6.0 2.40 2.42
15.7 10.5 4.0 7.4]. 9.4 11.6 5.6 2.34 2.40
18.5 9.6 6.4 14.4 1.5 11.3 7.0 2.36 2.38
19.3 1.3 1. 6.4 18.2 12.9 10.5 8.8 2.54 |........
17.2 13.7 6.4 . ...... 15.9 ... © 8.9 40 |........

wl\trml'{z.——s.]tage—discharge relation affected by ice Feb. 6-17 and by backwater from Mississippi River Mar.
o Aug. 7.
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Daily discharge, in second-feet, of Big Muddy River at Murphysboro, I1l., for the year end-
ing Sept. 30, 1917.

Day. Dec. Jan. Feb. Mar. | Aug. [ Sept._

guuas 283gs sasz

0
'

.
.

Note.—Discharge interpolated for Aug. 12 and 26, and Sept. 2, 9, 16, and 30. Discharge Mar. 16 to
Aug. 7 not determined owing to backwater from Mississippi Rilx)'er.
Monthly discharge of Big Muddy River at Murphysboro, Ill., for the year ending Sept.
1917,
?

[Drainage area, 2,170 square miles.]

Discharge in d-feet.

&8 0 Socon Run-off

(depth in

Month. Per inches on

Maximum | Minimum.| Mean. | square draaina“i)ge

mile. .
4

Dec. 6-31. ..t 5,800 18 1,680 0.774 0.75
January. - 15,600 775 6,700 3.09 3.56
February.. .. 3,250 |u.nninno... 606 .279 .29
Mar. 1-15.... ... .......... et 5,500 225 1,240 .572 .32
Aug. 8-31.. R 495 30 147 . 068 .06
September.. . .. i . 752 29 247 114 W13

FLOOD ON CEDAR RIVER, IOWA, MARCH 23-29, 1917,

The flood on Cedar River in March, 1917, was the highest since
that of March, 1906, which exceeded it by about 1 foot. A flood in the
fifties exceeded it by about 3 feet. A reconnaissance of the flood
situation on Cedar River in the vicinity of Cedar Falls was made
March 28, 1917. Information regarding conditions on the main
stream was obtained at Cedar Falls, Waterloo, and Cedar Rapids;
that concerning Shellrock River was obtained at Shellrock.
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The drainage area of Cedar River at Janesville is 1,660 square
miles. A few miles below Janesville the Cedar is joined by Shellrock
River, whose drainage area comprises 2,690 square miles. Of this
area the West Fork, which unites with the Shellrock a few miles.
above its junction with Cedar River, drains 965 square miles.
Beaver River, draining 380 square miles, enters Cedar River between
the mouth of Shellrock River and Cedar Falls. The drainage area
of Cedar River above Cedar Falls is therefore about 4,730 square
miles, and the run-off from 65 per cent of this area is discharged
into Cedar River between Janesville and Cedar Falls,

The flood of March, 1917, was due to a small amount of precipita-
tion accompanied by high temperature that caused rapid melting of
the snow on the drainage basin. At Charles City, near the eastern
border of the drainage basin above Cedar Falls, the temperature
rose above freezing March 21, reached 48° March 22, 58° March 23,
and 42° March 24. On March 23 there was a rainfall of 0.42 inch,

As nearly as could be determined, the peaks of the March flood on
the tributaries entering Cedar River between Janesville and Cedar
Rapids occurred at the same time and each was as high as or higher
than any that has occurred within the last ten years. The crest of
the flood on Cedar River passed Waverly at 3 a. m., Cedar Falls at
8 a. m., and Waterloo about 4 p. m. March 24, Cedar Rapids about
6 p. m. March 26, and Wapello about 3 a. m. March 30.

A current-meter measurement of the flow at Cedar Rapids March
27 at a stage of 15.4 feet on the gage at that place showed a discharge
of 44,900 second-feet. The discharge corresponding to the crest of
the flood at that place—17.2 feet—was 54,000 second-feet.

The total damage to property from the headwaters of Cedar River
to its mouth is estimated at not over $50,000. All streams above
Cedar Falls were covered with ice about 24 inches thick until March 22.
Small bridges and dams on tributary streams were damaged when
the ice broke up, but aside from knocking out a few timbers in the
bulkhead of the Nashua dam, the ice did no serious damage at that
place. An ice gorge on Cedar River between Nashua and Waverly
held the water back for several hours March 23, and when this gorge
was dynamited about 9 p. m. March 23, there was a sudden rise of
about 3 feet in the stage at the dam at Waverly. There was no dam-
age to property at Waverly, but considerable inconvenience was
caused when the power plant had to shut down for a short time.
About two-thirds of the apron of the timber dam on Shellrock River
at Shellrock was carried out by ice, the damage being about $300.
A steel truss bridge at Greene, and three small pile bridges on West
Fork, were taken out by the ice. The cost of replacing the steel
bridge is estimated at $3,000, and the pile bridges $6,000.
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The flood did most damage in the vicinity of Cedar Falls. Th(g
total damage to property was estimated by the city engineer at noﬁ;
more than $30,000, exclusive of small losses of private individuals.
Of this sum the damage to property which would have to be replaced
by the city is estimated at $15,000. One pile bridge of the Tlinois
Central Railroad was carried out and roadbed washed away in sev-

-eral places, the damage being estimated at $3,000. Damage to the
Rock Island Railroad was estimated at $2,500—the cost of replacing
a fill about three-fourths of a mile long, between Cedar Falls and
Waterloo. ‘

At Waterloo there was no material damage to property, but con-
siderable inconvenience was caused by flooding of basements of resi-
dences and business houses. Residents had to move out from six
blocks of well-settled residence districts. Flooding of the business
district of East Waterloo was prevented by increasing the height of
the levee, |

There was no damage of consequence to property in Cedar Rapids
or below that place.

\
MISCELLANEOUS MEASUREMENTS. ‘
Miscellaneous discharge measurements in Hudson Bay drainage basin. \’

!

.
Date. Stream. Tributary to— Locality. Do | oo
. 1915, Feet. | Secft.
July 20 | Pembina River.......... Roed River.eeeoveeaennns Neche, N. Dak.......... 3.87
Sept. 6 {..... Lo [ Y P s 13 PO O s [+ JO . 2.7 1.9
|
1916, . :
Apr. 24 |..... L 1 Y PO 15 SRR RN SR T [ TR 16, 82 {02,040

T
?Ye;:l;')city determined with floats. Coefficient of 0.875 used for reducing measured velocity to mean
velocity. .

|
Miscellaneous discharge measurements in Mississippt River drainage basin during the year

ending Sept. 30, 1917. |

. s Dis-

Date. Stream. Tributary to— Locality. Hossts. | chacge.
I
I

' . Feet. Sec.-£t.
Oct. 25 | West Fork of Chip- | Mississippi River..| Sec. 34, T. 40 N., R. 6 W., 1 mile | 65.56 22
pewa River. above mouth of Bast Fork of Chip-

pewa River, Wis. ;

Jan. 6 JeeeeedO coeinenianfii i i@0iien i o0 e e a5.38] b190

a Gage at old gaging station of U, 8. Geological Survey.
b Complete ice cover.
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STREAM-GAGING STATIONS AND PUBLICATIONS
RELATING TO WATER RESOURCES,

INTRODUCTION.

Investigation of water resources by the United States Geological
Survey has consisted: in large part of measurements of the volume of
flow of streams and studies of the conditions affecting that flow, but
it has comprised also investigation of such closely allied subjects as
irrigation, water storage, water powers, underground waters, and
quality of waters. Most of the results of these investigations have
been published in .the series of water-supply papers, but some have
appeared in the bulletins, monographs, professional papers, and
annual reports.

The results of stream-flow measurements are now published annu-
ally in 12 parts, each part covering an area whose boundaries coin-
cide with natural drainage features as indicated below:

Part I. North Atlantic slope basins.
I1. South Atlantic slope and eastern Gulf of Mexico basins.
III. Ohio River basin.
IV. St. Lawrence River basin.
V. Upper Mississippi River and Hudson Bay basin.
VI. Missouri River basin.
VII. Lower Mississippi River basin.
VIII. Western Gulf of Mexico basins.
IX. Colorado River basin.
X. Great basin.
XI. Pacific Slope basins in California.

XII. North Pacific slope basins, published in three volumes:

A, Pacific slope basins in Washington and upper Columbia River basin.
B, Snake River basin.
C, Lower Columbia River basin and Pacific slope basins in Oregon.

HOW GOVERNMENT REPORTS MAY BE OBTAINED OR CONSULTED.

.

‘Water-supply papers and other publications of the United States
Geological Survey containing data in regard to the water resources
of the United States may be obtained or consulted as indicated below:

1. Copies may be obtained free of charge by applying to the Direc-
tor of the Geological Survey, Washington, D. C. The edition printed
for free distribution is, however, small and is soon exhausted.

2. Copies may be purchased at nominal cost from the Superintend-
ent of Documents, Government Printing Office, Washington, D. C.,
who will on application furnish lists giving prices.

3. Sets of the reports may be consulted in the libraries of the

principal cities in the United States.
: ox
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4. Complete sets are available for consultation in the local offices
of the water-resources branch of the Geological Survey, as follows:

Boston, Mass.

, 2500 Customhouse.

Albany, N. Y., 704 Journal Building. ,

Atlanta, Ga.,

Post Office Building. -

Madison, Wis., care of Railroad Commission of Wisconsin.
Helena, Mont., Montana National Bank Building.
Topeka, Kans., 25 Federal Building.

Austin, Tex.,
Denver, Colo.

Capitol Building.
, 403 New Post Office Building.

Salt Lake City, Utah, 421 Federal Building.

Boise, Idaho,

615 Idaho Building.

Portland, Oreg., 606 Post Office Building.
Tacoma, Wash., 406 Federal Building.

San Fancisco,

Calif., 328 Customhouse.

Los Angeles, Calif., 619 Federal Building.

Tucson, Ariz.

, University of Arizona.

Honolulu, Hawaii, 14 Capitol Building.

A list of the Geological Survey’s publications may be obtained by
applying to the Director of the United States Geological Survey,

Washington, D.

C.
STREAM-FLOW REPORTS.

Stream-flow records have been obtained at more than 4,240 points
in the United States, and the data obtained have been published in
the reports tabulated below:

Stream-flow data in reports of the United States Geological Survey.

[A=Annual Report; B=Bulletin; W= Water-Supply Paper.}]

Report. Character of data. Year.
10th A, pt.2........... Descriptive information only..........coooioiiioiiiiiiai..
11th A, pt. 2. ........ Monthly discharge and descriptive information.... . 188g to Sept.,
1890.
12th A, pt.2...........[|-.... 15 10 . 18%91;10 June 30,
13th A, pt.3.......... Mean discharge in second-feet 188§ to Dec. 31,
‘ 1892,
14th A, pt.2........... Monthly discharge (long-time records, 1871 t01893)............. 1888 to Dec. 31,
Descriptions, measurements, gage heights, and ratings......... 1893 and 1894,
Descriptive informationonly.......... .. . ... . ... ....
Descriptions, measurements, gage heights,ratings,and month-| 1895,
ly discharge (also many data covering earlier years).
Gage heights (also gage heights for earher years)................ 1896.
Descriptions, measurements, ratings, and monthly discharge | 1895 and 1896.
(also sumilar data for some earlier years).
Descriptions, measurements, and gage heights, eastern United| 1897.
States, eastern Mississipp1 River, and Missouri River above
" junction with Kansas.
Wlbeeeemeoeiaaanaan.. Descriptions, measurements, and gage heights, western Maissis-| 1987.
sippi River below junction of Missouri and Pfatte,and western|
nited States.
19th A, pt. 4. ... ... Descriptions, measurements, ratings, and monthly discharge | 1897.
(alsosome long-time records).
W27 e Measurements, ratings,and gage heights,eastern United States, | 1898.
eastern Mississippi River, and Missouri River.
W28 i, Measurements, ratings, and gage heights, Arkansas River and | 1898.
. western, United Sitates.
20th A, pt.4.. -{ Monthly discharge (also for many earlier years) .. _............. 1898.
W35t039..... .1 Descriptions, measurements, gage heights,and ratings......... 1899.
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Stream-flow data in reports of the United States Geological Survey—Continued.

Report. Character of.data. Year.

»
=~
wn
- o
Sy,

Monthly discharge. . .........oooiiiiniini i iiiiaeiaaans 1899.
Descrgtions, measurements, gage heights, and ratings. N |
. Monthly diseharge...........0.. ... ... ii..oo....o
65, 66 Descr}istions, measurements, gage heights, and ratings. .
....| Monthly discharge...........0 ... -..] 1901.

Completedata. ... ...t -..| 1902.

]
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No1E.—No dataregarding stream flow are given in the 15th and 17th annual reports.

The records at most of the stations discussed in these reports
extend over a series of years, and m,iscellaneous measurements at
many points other than regular gaging stations have been made
each year. An index of the reports containing records obtained
prior to 1904 has been published in Water-Supply Paper 119.

The following table gives by years and drainage basins the num-
bers of the papers on surface-water supply published from 1899 to
1917. The data for any particular station will in general be found
in the reports covering the years during which the station was main-
tained. For example, data for Machias River at Whitneyville, Me.,
1903 to 1917, are published in Water-Supply Papers 97, 124, 165,
201, 241, 261, 281, 301, 321, 351, 381, 401, 431, and 451 which contain
records for the New England streams from 1903 to 1917. Results
of miscellaneous measurements are published by drainage basins.

In these papers and in the following lists the stations are arranged
in downstream order. The main stem of any river is determined
by measuring or estimating its drainage area—that is, the headwater
stream having the largest drainage area is considered the continua-
tion of the main stream, and local changes in name and lake surface
are disregarded. All stations from the source to the mouth of the
main stem of the river are presented first, and the tributaries in
regular order from source to mouth follow, the streams ineach
tributary basin being listed before those of the next basin below.

In exception to this rule the records for Mississippi River are
given in four parts, as indicated on page mi1, and the records for
large lakes are taken up in order of streams around the rim of the
lake.
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Parr V.—HUDSON BAY AND UPPER MISSISSIPPI RIVER
DRAINAGE BASINS.

PRINCIPAL STREAMS.

The Hudson Bay and upper Mississippi River basins include
streams whose waters reach Hudson Bay and the Mississippi above
its junction with the Ohio (except the Missouri). The principal
streams flowing into Hudson Bay from the United States are St.
Mary River, Red River, and Rainy River. The principal tributaries
of the upper Mississippi are Crow Wing, Sauk, Crow, Rum, Minne-
sota, St. Croix, Chippewa, Zumbro, Black, Root, Wisconsin, Wap-
sipinicon, Rock, Towa, Des Moines, Illinois, and Kaskaskia rivers.
These streams drain wholly or in part the States of Illinois, Indiana,
Towa, Minnesota, Missouri, Montana, North Dakota, South Dakota,
and Wisconsin.

In addition ‘to the list of gaging stations and the annotated list of
publications relating specifically to the section, these pages contain a
similar list of reports that are of general interest in many sections
" and cover a wide range of hydrologic subjects, and also brief references
to reports published by State and other organizations. (See p. Xvii.)

GAGING STATIONS.

Nore.—Dash after a date indicates that station was being maintained September 30, 1917. Period
after a date indicates dicontinuance.

HUDSON BAY DRAINAGE BASIN.

St. Mary River near Babb (formerly dam site), Mont., 1902
St. Mary River below Swiftcurrent Creek, at Babb, Mont., 1901-2; 1910-1915.
St. Mary River near Kimball, Alberta, 1902~

Swiftcurrent Creek at Many Glacier, Mont., 1912—

Swiftcurrent Creek at Sherburne, Mont., 1912-

Swiftcurrent Creek near.Babb (formerly Wetzel) Mont., 1902-1910.

U. 8. Reclamation Service, St. Mary canal at Hudson Bay divide near Brown-

ing, Mont., 1917-

Kennedy Creek near Babb (formerly Wetzel), Mont., 1903-1907.
Ottertail River at German Church, near Fergus Falls, Minn., 1913-1917.
Ottertail River near Fergus Falls, Minn., 1904-1913.

Red River near Fergus Falls, Minn., 1909-10.
Red River at Fargo, N. Dak., 1901-

Red River at Grand Forks, N. Dak., 1901-
Red River at Pembina, N. Dak., 1901.

Red River at Emerson, Manitoba, 1900-1902.

Mustinksa River near Wheaton, Minn., 1916; 1917.

Pelican River near Fergus Falls, Minn., 1909-1912.

Sheyenne River at Haggart, N. Dak., 1902-1907.

Wild Rice River at Twin Valley, Minn., 1909-1917.

Devils Lake near Devils Lake, N. Dak., 1901-

Red Lake River at Thief River Falls, Minn., 1909



vIII SURFACE WATER SUPPLY, 1917, PART V.

Red River tributaries—Continued.
Red Lake River at Crookston, Minn., 1901~
Thief River near Thief River Fallg, Minn., 1909-1917,
Clearwater River at Red Lake Falls, Minn., 1909-1917.
South Branch of Two Rivers at Hallock, Minn., 1911-1914.
Pembina River at Neche, N. Dak., 1903-1915.
Roseau River at Dominion City, Canada, 1912,
Roseau River near Caribou, Minn., 1917,
West Branch of Roseau River near Malung, Minn., 1911-1914,
Mouse River near Foxholm, N. Dak., 1904-1906.
Mouse River at Minot, N. Dak., 1903-
Des Lacs River at Foxholm, N. Dak., 1904-1906.
Rainy Lake at Rainier, Minn., 1910-1917.
Rainy River at International Falls, Minn., 1907-1917.
Kawishiwi River near Winton, Minn., 1905-1907; 1912
Vermilion River below Lake Vermilion, near Tower, Minn., 1911-1917.
Little Fork at Little Fork, Minn., 1909-1917.
Big Fork at Big Falls, Minn., 1909-1912.
Big Fork at Laurel, Minn., 1909.
Black River near Loman, Minn., 1909.

UPPER MISSISSIPPI RIVER BASIN.

Mississippi River above Sandy River, Minn., 1895-1915.
Mississippi River near Fort Ripley, Minn., 1909-10.
Mississippi River near Sauk Rapids, Minn., 1903-1906.
Mississippi River at Elk River, Minn., 1915~
Mississippi River at Anoka, Minn., 1905-1914.
Mississippi River at St. Paul, Minn., 1873-
Sandy River below Sandy Lake reservoir, Minn., 1893-1916.
Pine River below Pine River reservoir, Minn., 1886-1916.
Prairie River near Grand Rapids, Minn., 1909.
Crow Wing River at Nimrod, Minn., 1910-1914.
Crow Wing River at Motley, Minn., 1909; 1913-1917.
Crow Wing River at Pillager, Minn., 1903; 1909-1913.
Long Prairie River near Motley, Minn., 1909-1917.
Sauk River near St. Cloud, Minn., 1909-1913.
Elk River near Big Lake, Minn., 1911-1917.
Crow River at Rockford, Minn., 1909-1917.
Crow River near Dayton, Minn., 1906.
North Fork of Crow River near Rockford, Minn., 1909-10.
South Fork of Crow River near Rockford, Minn., 1909-1912.
Rum River at Onamia, Minn., 1909-1912.
Rum River at Cambridge, Minn., 1909-1914.
Rum River at St. Francis, Minn., 1903.
Rum River near Anoka, Minn., 1905-6; 1909.
Minnesota River near Odessa, Minn., 1909-1913.
Minnesota River near Montevideo, Minn., 1909-
Minnesota River near Mankato, Minn., 1903—
Whetstone River near Big Stone, 8. Dak., 1910-1912.
Lac qui Parle River at Lac qui Parle, Minn., 1910-1914.
Chippewa River near Watson, Minn., 1909-1917.
Redwood River near Redwood Falls, Minn., 1909-1914.
Cottonwood River near New Ulm, Minn., 1909-1913.
Blue Earth River, at Rapidan Mills, Minn., 1909-10.



GAGING STATIONS. X

Mississippi River tributaries—Continued.
St. Croix River at Swiss, Wis., 1914~
St. Croix River near St. Croix Falls, Wis., 1902-1905; 1910-
Namakagon River at Trego, Wis., 1914
Yellow River at Webster, Wis., 1914,
Kettle River near Sandstone, Minn., 1908-1916.
Snake River at Mora, Minn., 1909-1913.
Snake River near Pine City, Minn., 1913-1917.
Apple River near Somerset, Wis., 1901-
Kinnikinnic River near River Falls, Wis., 1916-
Cannon River at Welch, Minn., 1909-1914.
Chippewa River at Bishops Bridge, near Winter, Wis., 1912-
Chippewa River near Bruce, Wis., 1913
Chippewa River at Chippewa Falls, Wis., 1888-
Chippewa River near Eau Claire, Wis., 1902-1909.
‘West Fork of Chippewa River near Winter, Wis., 1911-1916.
Flambeau River near Butternut, Wis., 1914-
Flambeau River near Ladysmith, Wis., 1914
Flambeau River at Ladysmith, Wis., 1903-1906.
Jump River at Sheldon, Wis., 1915~
Eau Claire River near Augusta, Wis., 1914-
Eau Claire River near Eau Claire, Wis., 1913-14,
Red Cedar River near Colfax, Wis., 1914~
Red Cedar River at Cedar Falls, Wis., 1909-
Red Cedar River at Menominee, Wis., 1907-8; 1913-
Zumbro River at Zumbro Falls, Minn., 1909-1917.
South Branch of Zumbro River near Zumbro Falls, Minn., 1911-1917.
Trempealeau River at Dodge, Wis., 1913
Black River at Neillsville, Wis., 1905~1909; 1913-
Black River at Melrose, Wis., 1902-3.
La Crosse River near West Salem, Wis., 1913-
Root River near Houston, Minn., 1909-1917.
North Branch of Root River near Lanesboro, Minn., 1910-1917.
Upper Iowa River near Decorah, Iowa, 1913-14.
Wisconsin River near Rhinelander, Wis,, 1905-1915.
Wisconsin River at Whirlpool Rapids, near Rhinelander, Wis., 1915-
Wisconsin River at Merrill, Wis., 1902
Wisconsin River near Nekoosa, Wis., 1914—
Wisconsin River near Neceda, Wis., 1902-1914.,
‘Wisconsin River at Muscoda, Wis., 1902-3; 1913-
Tomahawk River near Bradley, Wis., 1914~
Prairie River near Merrill, Wis., 1914~
Little Rib River near Wausau, Wis., 1914-1916.
Eau Claire River at Kelley, Wis., 1914~
Big Eau Pleine River near Stratford, Wis., 1914—
Plover River near Stevens Point, Wis., 1914~
Baraboo River near Baraboo, Wis., 1913
Kickapoo River at Gays Mills, Wis., 1913-
. Turkey River at Garber, Towa, 1913-1916.
"Maquoketa River above mouth of North Fork, near Maquoketa, Towa, 1913-14.
Maquoketa River at Manchester, Towa, 1903.
Maguoketa River below mouth of North Fork, near Maquoketa, Towa, 1913
Wapsipinicon River at Stone City, Iowa, 1903-1914.
Rock River at Watertown, Wis., 1914,
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Mississippi River tributaries—Continued.

Rock River at Afton, Wis., 1914

Rock River above mouth of Pecatonica River, at Rockton, I11., 1903.

Rock River below mouth of Pecatonica River, at Rockton, I11., 1903-1909.

Rock River at Rockford, IlL., 1914

Rock River near Nelson, I11., 1906.

Rock River at Sterling, Ill., 1905-6.

Rock River at Lyndon, Il1., 1914
Catfish River at Madison, Wis., 1902-3.

Lake Mendota at Madison, Wis., 1902-3.
Yahara River near Edgerton, Wis., 1916-17.
Pecatonica River at Dill, Wis., 1914~
Pecatonica River at Freeport, I11., 1914~
Sugar River near Brodhead, Wis., 1914~

Iowa River near Iowa Falls, Towa, 1911-1914.

Jowa River at Marshalltown, Towa, 1903; 1915-

Towa River at Iowa City, Iowa, 1903-1906; 1913~

Iowa River at Wapello, Towa, 1915~
Cedar River near Austin, Minn., 1909-1914.

Cedar River at Janesville, Iowa, 1905-6; 1915~
Cedar River at Cedar Rapids, Towa, 1902
Shellrock River near Clarksville, Iowa, 1915-

Skunk River at Coppock, Towa, 1913-

Skunk River at Augusta, Iowa, 1913; 1915

Des Moines River at Jackson, Minn., 1909-1913.

Des Moines River at Fort Dodge, Iowa, 1905-6; 1911-1913.

Des Moines River at Kalo, Iowa, 1913-

Des Moines River at Des Moines, Towa, 1902-3; 1905-6; 1914-

Des Moines River at Ottumwa, Iowa, 1917-

Des Moines River at Keosauqua, Iowa, 1903-1906; 1911-
Raccoon River near Des Moines, Towa, 1902-3.
Raccoon Riverat Van Meter, Iowa, 1915—

Illinois River near Minooka, I11., 1902-1904. -

Illinois River near Seneca, I11., 1902-3.

Tllinois River near Ottawa, I11., 1902-1904.

Illinois River near La Salle, I1l., 1902-3.

Illinois River at Peoria, I1l., 1910~

Illinois River near Peoria, I11., 1903-1906.

Kankakee River at Davis, Ind., 1905-6.

Kankakee River at Momence, I11., 1905-6; 1914-

Kankakee River at Custer Park, I11., 1914~
Yellow River at Knox, Ind., 1905-6.

Des Plaines River at Riverside, I1l., 1896-1398. .
Des Plaines River above mouth of Jackson Creek, near Channahon, T11., 1903-
1906. .

Des Plaines River above Kankakee River, near Channahon, I11., 1902-3.
Des Plaines River at Lemont, I11., 1914~ .

Des Plaines River at Romeo, I11., 1914,

Des Plaines River at Joliet, I1l., 1914—

Fox River at Algonquin, Ill., 1915~ »
Fox River at South Elgin, I1l., 1914-15,

Fox River at Aurora, I11., 1914,

Fox River at Sheridan, I11., 1905-6.

Fox River at Wedron, I1l., 1914~
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Mississippi River tributaries—Continued.
Illinois River tributaries—Continued.
Fox River at Ottawa, I11., 1903.
Vermilion River near Streator, I11., 1914-
Spoon River at Seville, I11., 1914—
Sangamon Rijver at Monticello, I11., 1908-1912; 1914-
Sangamon River at Decatur, I11., 1905.
Sangamon River at Riverton, I11., 1908-1912; 1914~
Sangamon River at Springfield, I11., 1903.
Sangamon River near Oakford, I11., 1909-1912; 1914~
Sangamon River near Chandlerville, I11., 1908-9.
South Fork of Sangamon River near Taylorville, I11., 1908-1912; 1914~
1917.
South Fork Sangamon River at power plant near Taylorville, I11., 1917-
Salt Creek near Kenny, I11., 1908-1912.
Cahokia Creek at Poag, T11., 1909-1912.
Kaskaskia River near Arcola, I11., 1908-1912,
Kaskaskia River at Shelbyville, Ill., 1908-1912; 1914.
Kaskaskia River at Vandalia, II1., 1908-1912; 1914~
Kaskaskia River at Carlyle, I11., 1908-1912; 1914-15.
Kagkaskia River at New Athens, I11., 1907-1912; 1914~
Shoal Creek near Breese, I1l., 1909-1912; 1914,
Silver Creek near Lebanon, I11., 1908-1912; 1914.
Big Muddy River near Cambon, I11., 1908-1912.
Big Muddy River at Plumfield, Til., 1914-
Big Muddy River at Murphysboro, I11., 1917~
Beaucoup Creek near Pinckneyville, Il1., 1908-1912; 1914.



REPORTS ON WATER RESOURCES OF THE HUDSON BAY AND UPPER
MISSISSIPPI RIVER BASINS.

PUBLICATIONS OF THE UNITED STATES GEOLOGICAL SURVEY.
WATER-SUPPLY PAPERS,

Water-supply papers are distributed free by the Geological Survey as long as its stock lasts. An asterisk
(*)indicates that this stock has been exhausted. Many of the papers marked in this way may, however,
be purchased (at prices quoted) from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D. C. Omis-
sion of the price indicates that the report js not obtainable from Government sources. Water-supply
papers are of octavo size.

*21. Wells of northern Indiana, by Frank Leverett. 1899. 82 pp., 2 pls.
Discusses, by counties, glacial deposits and sources of well waters; many well sections.
*44. Profiles of rivers in the United States, by Henry Gannett. 1901. 100 pp.,
11 pls. 15c.
Gives elevations and distances along Red River (of the North), and Minnesota, Skunk, Iowa,
Des Moines, Illinois, and Rock rivers; also brief descriptions.
*57. Preliminary list of deep borings in the United States, Part T (Alabama-Montana),
by N. H. Darton. 1902. 60 pp. 5c.
*61. Preliminary list of deep borings in the United States, Part IT (Nebraska-Wyo-

ming), by N. H. Darton. 1902. 67 pp. 5c.
A revised edition of Nos. 57 and 61 was published in 1905 as Water-Supply Paper 149 (q. v.).

96. Destructive floods in the United States in 1903, by E. C. Murphy. 1904. 81

Pp., 13 pls. 15c.
Contains notes on early floods in Mississipp1 Valley.

102. Contributions to the hydrology of esatern United States, 1903; M. L. Fuller,

geologist in charge. 1904. 522 pp. 30c. .

Contains brief reports on wells and springs of Minnesota and Missouri.

The reports comprise tabulated well records giving information as to location, owner, depth,
yield, head, etc., supplemented by notes as to elevation above sea, material penetrated, tem-
perature, use, and quality; many miscellaneous analyses.

*103. A review of the laws forbidding pollution of inland waters in the United States,

by E. B. Goodell. 1904. 120 pp.
Cites statutory restrictions of water pollution in Iowa, Tllinois, North Dakota, South Dakota,
and Wisconsm Superseded by 152.

#114. Underground waters of eastern United States; M. L. Fuller, geologlst in charge.

1905. 285 pp., 18 pls. 25c.

Contains brief reports as follows: Missouri, by E. M. Shepard; Towa, by W. H. Norton; Min-
nesota, by C. W. Hall; Wisconsin district, by Alfred R. Schultz; Illinois, by Frank Leverett;
Indiana, by Frank Leverett; each of these reports describes briefly the topography of the area,
the relation of the geology to the water supplies, and gives list of pertinent publications; lists
also principal mineral springs.

117. The lignite of North Dakota and itsrelation to irrigation, by F. A, Wilder. 1905.
59 pp., 8 pls. 10c.

Describes the thickness, extent, variations, and fuel value of the lignite and its use for pumping

‘water, the area, soils, and lignite of the river flats, and the st.tus of irrigation in the State.

*122. Relation of the law to underground waters, by D. W. Johnson. 1905. 55 pp.

5c.
Cites legislative acts affecting underground waters in South Dakota and Wisconsin.

p:81
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145. Contributions to the hydrology of eastern United States, 1905; M. L. Fuller,
geologist in charge. 1905. 220 pp., 6 pls. 10c.

Contains two reports relating to areas draining to Hudson Bay or upper Mississippi River.

‘Water resources of Mineral Point quadrangle, Wisconsin, by U, 8. Grant. Describes springs,
streams, and shallow and deep wells.

Water supplies at Waterloo, Towa, by W. H. Norton. Summarizes results of investigationsto
determine availability of artesian water toreplace the surface supply from Cedar River; discusses
necessity of test wells, supplementary supplies, artesian head, and permanency of flow.

*149. Preliminary list of deep borings in the United States, second edition, with
additions, by N. H. Darton. 1905. 175 pp. 10c.

Gives by States (and within the States by counties), the location, depth, diameter, yield
height of water, and other features of wellg 400 feet or more in depth; includes all wells listed in
Water-Supply Papers 57 and 61; mentions also principal pubhcations relating to deep borings.

*152. A review of the laws forbidding pollution of the inland waters in the United
States (second edition), by E. B. Goodell. 1905. 149 pp. 10c.

Citieg statutory restrictions of water pollution in Iowa, Illinois, North Dakota, South Dakota,
and Wisconsin.

*156. Water powers of northern Wisconsin, by L. S. Smith. 1906. 145 pp., 5 pls. 25c.

Describes by river systems the drainage, geology, topography, rainfall and run-off, water
powers, and dams.

*162. Destructive floods in the United States in 1905, with a discussion of flood dis-
charge and frequency and an index of flood literature, by E. C. Murphy and
others, ‘1906. 105 pp., 4 pls. 15c.

Contains accounts of floods in southeastern Minnesota, on Devils Creek, Iowa, and in Des,
Moines County, Iowa; gives estimates of flood discharge and frequency on Illinois River and on
Mississippi River at St. Paul.

*193. The quality of surface waters in Minnesota, by R. B. Dole and F. F. Westbrook.
'1907. 171 pp., 7 pls. 25c.
Describes by river basins the topography, geology, and soils, the individual and municipal
pollution of the streams, and gives notes on the municipalities; contains many analyses.

#194, Pollution of Illinois and Mississippi Rivers by Chicago sewage (a digest of the
testimony taken in the case of the State of Missouri v. the State of Illinois
and the Sanitary District of Chicago), by M. O. Leighton. 1907. 369 pp.,
2 pls.

Scope indicated by amplification of title.

*195. Underground waters of Missouri, their geology and utilization, by E. M. Shepard.
1907. 224 pp., 6 pls. 30c.

Describes the topography and geology of the State, the waters of the various formations, and
discusses the water supplies by districts and counties, gives statistics of city water supplies,
analyses of waters, and many well records.

*227. Geology and underground waters of South Dakota, by N. H. Darton. 1909.
156 pp., 15 pls. 40c.

Describes physical features, geologic formations, water horizons, and, by counties, deep wells
and well prospects; gives notes on construction and management of artesian wells.

236. The quality of surface waters in the United States: Part I, Analyses of waters

east of the one hundredth meridian, by R. B. Dole. 1909. 123 pp. 10c.

Describes collection of samples, methods of examination, preparation of selutions, accuracy
of estimates and expression of analytical results; gives results of analyses of waters of Mississippi,
Minnesota, Chippewa, Wisconsin, Rock, Towa, Cedar, Des Moines, Illinois, Kankakee, Fox,
Sangamon, Kaskakia, and Big Muddy rivers.

239. The quality of the surface waters of Illinois, by W. D. Collins. 1910. 94 pp.,

3 pls. 10c.

Discusses the natural and economic features that determine the character of the streams,
describes the larger drainage basins, and the methods of collecting and analyzing the samples
of water, and discusses each river in detail with reference to its source and course and the quality
of water; includes short chapters on municipal supplies and industrial uses.
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254. The underground waters of north-central Indiana, by 8. R. Capps, with a
chapter on the chemical character of the waters, by R. B. Dole. 1910. 279
pp., 7 pls. 40c.

Describes relief, drainage, vegetation, soils, and crops, industrial development, geologic forma-
tions; sources, movements, occurence, and volume of ground water; methods of well construe-
tion and lifting devices; discusses, in detail for each county, surface features and drainage,
geology and ground water, city, village, and rural supplies, and gives records of wells and analy-
ses of waters. Discusses also, under chemical character, methods of analyses and expression
of results, mineral constituents, effect of the constituents on waters for domestic, industrial,
and medicinal uses, methods of purification, chemical composition; many analyses and field
assays.

256. Geology and underground waters of southern Minnesots, by C. W. Hall 0. E.
Meinzer, and M. L. Fuller. 1911. 406 pp., 18 pls. 60c’

Discusses the physiography of the State, geologic formations and their water-bearing ca-
pacity, artesian conditions, the mineral quality of the underground waters, types of wells, fin-
ishing wells in sand, drilling in quarzite, fluctuation in yield and head, “blowing”” and “breath-
ing” wells, freezing of wells, drainage by wells, hydraulic rams, and scientific prospecting for
water, municipal supplies, power, storage and distribution, consumption of water, prices, sani-
tation. Gives by counties details concerning surface features, rocks, yleld head, and quality of
water, and summaries and analyses.

298. Underground water resources of Towa, by W. H. Norton, W. S. Hendrixson,
H. E. Simpson, O. E. Meinzer, and others. 1912. 994 pp., 18 pls. 70c.
Describes the relief, drainage, temperature, and precipitation of the State and the geologic
formations; discusses the geologic occurrence of ground waters, artesian phenomena and
yield of artesian wells, the chemical composition of ground waters, municipal, domestic,
and industrial water supplies, and mineral waters; gives details concerning topography, geology,
ground waters, and city and village supplies by districts and counties.

*345. Contributions to the hydrology of the United States, 1914. N. C. Grover,
chief hydraulic engineer. 1915. 225 pp., 17 pls. 80c. Contains:
(i) Gazetteer of surface waters of Iowa, by W. G. Hoyt and H. J. Ryan, pp. 169-221.

864. Water analyses from the laboratory of the United States Geological Survey,
tabulated by F. W. Clarke, chief chemist. 1914. 40 pp. 5c.

Contains analyses of spring and well waters from Nashville and Macomb, 111., and Story City,
Towa.

417. Profile surveys of rivers in Wisconsin, prepared under the direction of W. H.
Herron, acting chief geographer. 1917. 16 pp., 32 pls. 45c.

Contains brief description of general features of drainage of Wisconsin and of the rivers sur-
veyed, but consists chiefly of maps showing “not only the outlines of the river banks, the islands,
the position of rapids, falls, shoals, and existing dams, and the crossings of all ferries and roads,
but the contours of banks to an elevation high enough to indicate the possibilitiey of using the
stream”’ for the development of power by low or medium heads.

ANNUAL REPORTS.

Each of the papers contained in the annual reports was also issued in separate form.

Annual reports are distributed free by the Geological Survey as long as its stocks lasts, An asterisk (¥)
indicates that this stock has been exhausted. Many of the papers so marked, however, may be purchased,
from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D. C.

*Sixteenth Annual Report of the United States Geological Survey, 1894-95. 4 parts.
*Pt. II. Papersof an economic character, xix, 598 pp., 43 pls. §$1.25. Con-
tains:

The publiclands and their water supply, by F. H. Newell, pp. 457-533, pls. 35t039. Describes
general character of the public lands, the lands disposed of (railroad, grant, and swamp lands,
and private miscellaneous entries), lands reserved (Indian, forest, and military reservations),
the vacant lands, and the rate of disposal of vacant lands; discusses the streams, wells, and
reservoirs as sources of water supply; gives details for each State.
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Seventeenth Annual Report of the United States Geological Survey, 1895-96, Charles
D. Walcott, Director, 1896; 3 parts in 4 vols. *Pt. II. Economic geology
and hydrography, xxv, 864 pp., 118 pls. $2.36. Contains:

Preliminary report on artesian waters of a portion of the Dakotas, by N. H. Darton, pp.
603-694, pls. 69 to 107. Gives an outline of the geologic relations; deseribes the water horizons
and the extent of the artesian water, and gives details concerning wells and prospects by
counties; discusses the origin, amount, pressure, head, and composition of the artesian waters,
the use of artesian water for power, and gives details concerning artesian irrigation by counties;
contains also remarks on the construction and management of artesian wells,

*The water resources of Illinois, by Frank Leverett, pp. 695-849, pls. 1080 113. Describes the
physical features of the State,and the drainage basins, including Illinois, Des Plaines, Kan-
kakee, Fox, Illinois-Vermilion, Spoon, Mackinaw, and Sangamon rivers, Macoupin Creek, Rock
River, tributaries of the Mississippi in western Illinois, Kaskaskia, Big Muddy, and tributaries
of the Wabash; discusses the rainfall and run-off, navigable waters and water powers, the wells
supplying waters for rural districts, and artesian wells; contains tabulated artesian well data and
water analyses.

Eighteenth Annual Report of the United States Geological Survey, 1896-97, 5 partsin
6 vols. *Pt. IV, Hydrography, x, 756 pp., 102 pls. $1.75, Contains:

*The water resources of Indiana and Ohio, by Frank Leverett, pp. 419-560, pls. 33 to 37.
Describes the Wabash, Whitewater, Great Miami, Little Miami, Scioto, Hocking, Muskingum,
and Beavers rivers, and lesser tributaries of the Ohio in Indiana and Ohio, the streams
discharging into Lake Erie and Lake Michigan, and streams flowing t0 the upper Mississippi
through the Ilinois; discusses shallow and drift wells, the flowing wells, from the drift and deeper
artesian wells, and gives records of wells at many of the cities; describes the mineralsprings, and
gives analyses of the waters; contains also tabulated lists of cities using surface waters for water
works, and of cities and villages using shallow and deep-well waters; discusses the source and
quality of the city and village supplies, and gives precipitation tables for various points.

. MONOGRAPHS.

Monographs of quarto size. They are not distributed free, but may be obtained from the Geological
Survey or from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D. C., at the prices indicated. An
astefisk (*) indicates that the Survey’s stock of the paper is exhausted.

25. The glacial Lake Agassiz, by Warren Upham. 1896. 658 pp., 38 pls. $1.70.

Contains a chapter (pp. 523-582) on ‘‘ Artesian and common wells of the Red River Valley,”
which discusses the sources of artesian water, the fresh waters in the drift sheets, the saline
and alkaline waters in the Dakota sandstone, and the use of artesian water for irrigation; con-
tains analyses of waters from wells, streams, and lakes in Red River Valley and the adjoining
region; and gives notes on wells in Clay, Kittson, Marshall, Norman, Polk, Traverse, and
Wilkin counties, in Minnesota; in Cass, Grand Forks, Pembina, Richland, Traill, and Walsh
counties, in North Dakota; and in a part of the area covered by Lake Agassiz, in Manitoba.
The monograph includes numerous maps relating to the Pleistocene geology of the region and
a map (Pl. XXXVII) showing the distribution and depths of artesian wells in glacial drift
and bedrock.

38. The Illinois glacial lobe, by Frank Leverett. .1899. 817 pp., 24 pls. $1.60.

Includes a chapter (pp. 550-788) on “Wells of Illinois,” which contains a general discussion
of artesian and other wells, a table of municipal water sapplies derived from underground
sources, and a detailed description of wells and ground-water conditions in practically every
county in the State. The monograph includes maps showing the geology, the distribution

" of wells, the intake areas of “Potsdam’” and St. Peter sandstones, and the relation of glacial
drift to ground-water supplies.

PROFESSIONAL PAPERS.

Professional papers are distributed free by the Geological Survey as long as its stock lasts. An asterisk
*)indicates that this stock has been exhausted. Many of the papers marked with an asterisk may, how-
ever, be purchased from the SUPERINTENDENT OF DOCUMENTS, WASHINGTON, D. C. Professional papers
are of quarto size.

*32. Preliminary report on the geology and underground-water resources of the
central Great Plaing, by N. H. Darton. 1905. 433 pp., 72 pls. $1.80.

Covers South Dakota, Nebraska, central and western Kansas, eastern Colorado, and. eastern
‘Wyoming. Describes the geography, geology, and water horizons; gives deep-well data and
well prospects by counties; also déscribes other mineral resources. Includes maps showing
the geology, location of deep wells, structure of the Dakota sandstone, depths to this sand-
stone head of artesian water, and areas of artesian flow.
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BULLETINS.

An asterisk (*) indicates that the Geological Survey’s stock of the paper is exhausted. Many of the papers
so marked may be purchased from the SUPERINTENDENT OF DOCUMENTS. WASHINGTON, D. C.
*264. Record of deep-well drilling for 1904, by M. L. Fuller, E. F. Lines, and A. C.

Veatch. 1905. 106 pp. 10c.

Discusses the importance of accurate well records to the driller, to owners of oil, gas, and water
wells, and to the geologist; describes the general methods of work; gives tabulated records of
wellsin Illinois and Towa, and detailed records of wells in Boone, Dupage, Henry, and La Salle
counties, I1l.,and Des Moines and Scott counties,Jowa. These wells were selected because they
give definite stratigraphic information.

*298. Record of deep-well drilling for 1905, by M. L. Fuller and Samuel Sanford.
1906. 299 pp. 25c.

Givesanaccount of progress in the collection of well records and samples; contains tabulated
records of wells in Illinois, Indiana, Towa, Minnesota, Missouri, North Dakota, South Dakota,
and Wisconsin; and detailed records of wellsin Brown, Hancock, La Salle, Pike, and Schuyler
counties, IIl.; Blackhawk, Floyd, Louisa, Mahaska, Scott, and Wapello counties, Iowa; and
Hennepin, Ottertail, and Pine counties, Minn. The wells of which datailed sections are given
were selected because they afford valuable stratigraphic information.

GEOLOGIC FOLIOS.

‘Under the plan adopted for the preparation of a geologic map of the United States
the entire area is divided into small quadrangles bounded by certain meridians and
parallels, and these quadrangles, which number several thousand, are separately
surveyed and mapped.! The unit of survey is also the unit of publication, and the
maps and description of each quadrangle are issued in the form of a folio. When all
the folios are completed they will constitute the Geologic Atlas of the United States.

A folio is designated by the name of the principal town or of a prominent natural
feature within the quadrangle. Each folio includes maps showing the topography,
geology, underground structure, and mineral deposits of the area mapped and several
pages of descriptivetext. The text explains the maps and describes the topographic
and geologic features of the country and its mineral products. The topographic map
shows roads, railroads, waterways, and, by contour lines, the shapes of hills and val-
leysand the height above sea level of all pointsin the qaudrangle. The areal-geology
map shows the distribution of the various rocks at the surface. The structural-
geology map showsrelations of the rocks to one another underground. The economic-
geology map indicates the location of mineral deposits that are commercially valuable.
The artesian water map shows the depth to underground-water horizons. Economic-
geology and artesian-water maps are included in folios if the conditions in the areas
mapped warrant their publication. The folios are of special interest to students of
geography and geology and are valuable as guides in the development and utilization
of mineral resources.

The folios numbered from 1 to 163, inclusive, are published in only one form (18 by
22 inches), called the library edition. Some of the folios that bear numbers higher
than 163 are published also in an octavo edition (6 by 9 inches). Owing to a fire in
the Geological Survey building May 18, 1913, the stock of geologic folios was more or
less damages by fire and water, but 80 or 90 per cent of the folios are usable. They
will be sold at the uniform price of 5 cents each, with no reduction for wholesale
orders. This rate applies to folios in stock from 1 to 184, inclusive (except reprintsy,
also to the library edition of folio 186. The library edition of folios 185, 187, and
higher numbers sells for 25 cents a copy, except that some folios which contain an
unusually large amount of matter sell at higher prices. The octavo edition of folio

1 Index maps showing areas in the Hudson Bay and upper Mississippi River basins covered by topo-
graphic maps and by geologic folios will be mailed on recmpt of request addressed to the Director, U. S,
Geological SBurvey, Washington, D. C.
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185 and higher numbers sells for 50 centsa copy. A discount of 40 per cent is allowed
on an order for folios or for folios together with topographic maps amounting to $5 at
the retail rate.

All the folios contain descriptions of the drainage of the quadrangles. The folios
in the following list contain also a brief discussion of the underground watersin connec-
tion with the economic resources of the areas and more or less information concerning
the utilization of the water resources.

An asterisk (¥) indicates that the stock of the folio is exhausted.

117. Casselton-Fargo, North Dakota-Minnesota. bc.

Gives a somewhat detailed account of the water supply, including descriptions and logs of
principal wells and tabulated well records, contains artesian-water maps showing areas which
will probably yield flowing wells.

*145. Lancaster-Mineral Point, Wisconsin-Iowa-Illinois.
Discusses the springs, shallow and deep wells, streams and water power; gives analyses of
artesian water from well at Dubuque, Jowa.

168. Jamestown-Tower (Jamestown, Eckelson, and Tower quadrangles),  North
Dakota.! 5c.

Discusses shallow, deep, and artesian wells; head, pressure, power, volume, and character of
the water, and gives a tabulated list of representative wells; contains an artesian-water map
showing areas in which flowing wells may probably be obtained.

185. Murphysboro-Herrin, Illinois.! Library edition, 25¢., octavo edition, 50c.
188. Tallula-Springfield, Illinois.! Library edition, 25¢c., octavo edition, 50c.
Discusses wells and the wholesomeness of the water; gives analyses of ‘water from wells in
the city of Springfield.

195. Belleville-Breese, Illinois. 25c.
— Discusses wellsand gives analyses of water from springs and wells.
\

200. Galena-Elizabeth, Tiimois-Tows.— 25¢.
201. Minneapolis-St. Paul, Minnesota.! Library edition, 25¢., octavo edition, 50c.

MISCELLANEOUS REPORTS.

Other Federal bureaus and the State and other organizations have
_from time to time published reports relating to the water resources
of the various sections of the country. Notable among those pertain-
ing to the Hudson Bay and upper Mississippi River basins are the
reports of the State surveys of Illinois and North Dakota, the Wis-
consi, Geological and Natural History Survey and the Railroad Com-
mission of Wisconsin, the Illinois Water-Supply Commission, and the
Rivers and Lakes Commission of Illinois, and the water-power report
of the Tenth Census (vol. 17). The following reports deserve special
mention: :

Contributions to the physical geography of the Um’oed States, Part I. On the physi—

cal geography of the Mlsmsélppl Valley, with suggestmns for the improvement of navi-
gation of the Ohio and other rivers, by Charles Ellet, jr.: Smithsonian Pub. 13, Wash-
ington, 1850.

The Mississippi and Ohio rivers, by Charles H. Ellet. 1853.

Report upon the physics and hydraulics of the Mississippi River, by A. A. Hum-
phreys and H. L. Abbott.

11ssued in two editions; specify which edition is wanted.
96719°—19—wsp 455——15
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The mineral content of Illinois waters, by Edward Barstow, J. A. Udden, S. W
Parr, and George T. Palmer: Illinois State Geol. Survey Bull. 10, 1909.

Water resources of the East St. Louis district, by Isaiah Bowman: Illinois State
Geol. Survey Bull. 5, 1907,

Chemical and biological survey of waters of Illinois, by Edward Bartow: Univ.
Tllinois Pub. 3, 6, 7, 1906-1909.

Chemical survey of the waters of Illinois, report for the years 1897-1902, by A. W.
Palmer, with report on geology of Illinois as related to its water supply, by Charles
W. Rolfe: Univ. Illinois Pub.

Report and plans for the reclamation of lands subject to overflow in the Kaskaskia
River Valley, Illinois; begun under the direction of the Internal Improvement Com-
mission; completed and published under the direction of the Rivers and Lakes Com-
mission of Illinois, by Jacob A. Harman. 1912.

Diversion of the waters of the Great Lakes by way of the sanitary and ship canal of
Chicago: A brief of the facts and issues, by Lyman E. Cooley, Chicago. 1913.

The State of Missouri vs. the State of Illinois and the Sanitary district of Chicago,
before Frank S. Bright, Commss10ner of the Supreme Court of the United States.
1904.

The mineral waters of Indiana, their location, origin, and character, by W. S. Blatch-
ley: Indiana Dept. Geology and Nat. Res. Twenty-sixth Ann. Rept., 1901.

Report of the water-resources investigation of Minnesota by the State drainage
commission, 1910.

Report of the commission on conservatmn [Montana] on bllls relating to the public
lands, water rights, and the protection and preservation of the forests, 1911.

Governor's message relating to conservation [in Montana] on bills relating to pubhc
lands, water rights, and the protection and preservation of the forests.

Waiter resources of the Devils Lake region, North Dakota, by E. J. Babcock: North
.———’-"--’—'-—-’E ~

Dakota Geol. Survey, Second Bienn. Rept., 1903. —

The water powers of Wisconsin, by Leonard . “Smith: Wisconsin Geol. and Nat.
Hist. Survey Bull. 20. Madison, Wis., 1908.

Report of the Railroad Commission of Wisconsin to the legislature on water powers.
Madison, Wis., 1915.

Many of these reports can be obtained by applying to the several
organizations, and most of them can be consulted in the public

libraries of the larger cities.




GEOLOGICAL SURVEY HYDROLOGIC REPORTS OF GENERAL
INTEREST.

The following list comprises reports not readily classifiable by drain-
age basins and covering a wide range of hydrologic investigations:

WATER-SUPPLY PAPERS.

*1. Pumping water for irrigation, by H. M. Wilson. 1896. 57 pp., 9 pls.
Describes pumps and motive powers, windmills, water wheels, and various kinds of engines;
also storage reservoirs to retain pumped water until needed for irrigation. )
*3. Sewage irrigation, by G. W. Rafter. 1897. 100 pp., 4 pls. (See Water-Supply
Paper 22.) 10c.
Discusses mothods of sewage disposal by intermittent filtration and by irrigation; describes
utilization of sewage in Germany, England, and France, and sewage purification in the United
States.
. . e . *
*8. Windmills for irrigation, by E. C. Murphy. 1897. 49 pp., 8 pls. 10c.
Gives results of experimental tests of windmills during the summer of 1896 in the vicinity of
Garden, Kansas; describes instruments and methods and draws conclusions.
*14. New tests of certain pumps and water hfts used in irrigation, by O. P. Hood,
1898. 91 pp., 1 pl.
Discusses efficiency of pumpsand waterlifts of various types.

*20. Experiments with windmills, by T. O. Perry. 1899. 97 pp., 12 pls. 15c.
Includes tables and descriptions of wind wheels, compares wheels of several types, and dis-
cusses results.
*22. Sewage irrigation, Part I, by G. W. Rafter. 1899. 100 pp., 7 pls. 15c.
Gives résumsé of Water-Supply Paper 3; discusses pollution of certain streams, experiments
on purification of factory wastes in Massachusetts, value of commercialfertilizers, and describes
American sewage-disposal plants by States; contains bibliograghy of publications relating to
sewage utilization and disposal.
- *41, The windmill; its efficiency and economic use, Part I, by E. C. Murphy. 1901.
72 pp., 14 pls Se.- o
*42. The windmill; its efficiency and economic use, Part II, by E. C. Murphy. 1901.
75 pp. (73-—147), 2 pls. (15-16). 10c.
Nos. 41 anq 42 give details of results of experimental tests with windmills of various types.

-

*43. Conveyance of water in irrigation canals, flumes, and pipes, by Samuel Fortier.
1901. 86 pp., 15 pls. 15c.
*56. Methods of stream-measurement. 1901. 51 pp., 12 pls. 15c.
Describes the'methods used by the Survey in 1901-2. (See also Nos. 64, 94, and 95.)

*64, Accuracy of stream measurements, by E. C. Murphy. 1902. 99 pp. 4. pls.
(See No. 95.) 10c. -
Describes methods of measuring velocity of water and of measuring and computing stream
flow, and compares results obtained with the different instruments and methods; describes
also experimentsand results at the Cornell University hydraulic laboratory. Aseeond,enlarged,
edition published as Water-Supply Paper 95.

#57. The motions of undgrground waters, by C. S. Stichter. 1902. 106 pp., 8 pls.
15¢.

Discusses origin, depth, and amount of ground waters; permeability of rocks and porosity
of soils; causes, rates, and laws of motions of ground waters; surface and deep zones of flow, and
recovery of waters by open wells and artesian and deep wells; treats of the shape and position
of the water table; gives simple methods of measuring yields of flowing wells; describes artesian

wells at Savannah, Ga.
XIxX
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72. Sewage pollution in the metropolitan area near New York City and its effect on
inland water resources, by M. O. Leighton. 1902. 75 pp., 8 pls. 10c.
Defines “normal” and ¢ polluted” watersand discusses the damage resulting from pollution_

*80. The relation of rainfall to run-off, by G. W. Rafter. 1903. 104 pp. 10c.

Treats of measurements of rainfall and laws and measurements of streams flow; gives formu-
las for rainfall, run-off, and evaporation; discusses effects of forests on rainfall and run- off.

87. Irrigation in India (second edition), by H. M. Wilson. 1903. 238 pp., pls.
25c¢.
First edition was published in Pait II of the Twelfth Annual Report.

93. Proceeding of first conference of engineers of the Reclamation Service, with
accompanying papers, compiled by F. H. Newell, Chief Engineer. 1904.
361 pp. 25c. [Requests for this report should be addressed to the TU. S.
Reclamation Service.]

Contains the following papers of more or less general imrterest:

Limits of an irrigation project, by D. W. Ross.

Relation of Federal and State laws toirrigation, by Morris Bien.
Electrical transmission of power for pumping, by H. A, Storrs,

Correct design and stability of high masonry dams, by Geo. Y. Wisner.
Trrigation surveys and use of the plane table, by J. V. Lippincott.

The use of alkaline waters for irrigation, by Thomas H, Means.

*94. Hydrographic manual of the United States Geological Survey, prepared by E.
C. Murphy, J. C. Hoyt, and G. B. Hollister. 1904. 76 pp.,3pls. 10c.

Givesinstruction for field and office work relating to measurements ofstream flow by current
meters. (See also No. 95.)

*95. Accuracy of stream measurements (second, enlarged edition), by E.-C. Mur-
phy 1904. 169 pp., 6 pls.
Describes methods of measuring and computing stream flow and compares resultsderived
from different instruments and methods. (See also No. 94.)

*103. A review of the laws forbidding pollution of inland water in the United States,
by E. B. Goodell. 1904. 120 pp. (See No. 152.)
Explains the legal principles under wWhich antipollution statues become operative, quotes
court decisions to show authority for various deductions, and classifies according to scope the
statutes enacted in the different States.

110. Contributions to the hydrology of Eastern United States; 1904, M L. Fuller,

geolgist in charge. 1905. 211 pp., 5 pls. 10c.

Contains the following reports of general interest. The scope of each paper is indicated by
itstitle.

Description of under flow meter used in measuring the velomty and direction of undetground
water, by Charles S. Slichter.

The California or “stovepipe” method of well construction, by €harles S, Slichter.

Approximate methods of measuring the yield of flowing wells, by Charles 8. Slichter.

Corrections necessary in accurate determinations of flow from verticals well casings, from
notes furnished by A. N. Talbot.

“113. The disposal of strawboard and oil-well wastes, by R. L. Sackett and Isaiah
Bowman. 1905. 52 pp., 4 pls. 5c.

The first paper discusses the pollution of stream by sewage and by trade wastes, describes

the manufacture of strawboard, and gives results of various experiments in disposing of the

waste. The second paper describes briefly the topography, drainage, and geology of the region

about Marion, Ind., and the contamination of rock wells and of streams by waste oil and brine.

*114 "Underground waters of eastern United States; M. L. Fuller, geologist in charge.

1905. 285 pp.. 18 pls. 25c.

* Contains reports on “Occurrence of underground waters,” by M. L. Fuller, discussing

. sources, amount, and temperature of waters, permeability and storage capacity of rocks, water-

“ bearing formations, recovery of water by springs, wells, and pumps, essential conditions of
artesian flows, and general conditions affecting ground waters in eastern United States.
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119. Index to the hydrographic progress reports of the United States Geological Sur-
vey, 1888 to 1903, by J. C. Hoyt and B. D. Wood. 1905. 253 pp. 1l5c.

120. Bibliographic review and index of papers relating to underground waters pub-
lished by the United States Geological Survey, 1879-1904; by M. L. Fuller
1905. 128 pp. 10c.

*122. Relation of the law to underground waters, by D. W. Johnson. "1905. 55 pp.

Defines and classifies underground waters, gives common-law rules relating to their use
and cities State legislative acts affecting them.

140. Field measurements of the rate of movement of underground waters, by C. 8.
Slitcher. 1905. 122.pp., 15 pls. 15c.

Discusses the capacity of sand to transmit water, describes measurements of underflow in
Rio Hondo, San Gabriel, and Mohave River valleys, Cal., and on Long Island, N. Y., gives
results of tests of wells and pumping plants, and describes stovepipe method of well construction.

143." Experiments on steel-concrete pipes on a working scale, by J. H. Quinton. - 1905.
61 pp., 4 pls. 5c.
Scope indicated by title.

145. Contributions to the hydrology of eastern United States, 1905; M. L. Fuller,
geologist in charge. 1905. 220 pp., 6 pls. 10c.

. Contains brief reports of general interest as follows:

Drainage of ponds into drilled wells, by Robert E. Horton. DLsscu.sas efficiency, cost, and
capacity of drainage wells, and gives statisties of such well in Southern Michigan.

Construction of so-called fountain and geyser springs, by Myron L. Fuller.

A convenient gage for determining low artesian heads, by Myron L. Fuller.

146. Proceedingsofsecond conference of engineers of the Reclamation Service, with
accompanying papers, compiled by F. H. Newell, Chief Engineer. 1905.
267 pp. 15c. [Inquiries concerning this report should be addressed to the
Reclamation Service.]

Contains brief account of the organization of the hydrographic [water-resources] branch and
the Reclamation Service, reports of conferences and committees, circulars of instruction, and
many brief reports on subjects closely related to reclamation, and a bibilography of technical
papers by members of the service. Of the papersread at the conference those listed below
(scopeindicated by title) are of more or less generalinterest.

Proposed State code of water laws, by Morris Bien.

Power engineering applied toirrigation problems, by O. H. Ensign.

Estimates on tunneling in irrigation projects, by A. L. Fellows

Collection ofsteam- gaging data, by N. C. Grover.

Diamond-drill methods, G. A. Hammond.

Mean-velocity and area curves, by F. W. Hanna.

Importance of general hydrographic data concerning basins of streams gaged, by R. E.
Horton.

Effect of aquatic vegetation onstream flow, by R. E. Horton,

Sanitary regulations governing construction camps, by M. O. Leighton.

Negessity of draining irrigated land, by Thos. H, Means.

Alkali soils, by Thos. H. Means.

Cost of stream gaging work, by E. C. Murphy.

Equipment of a cable gaging station, by E. C. Murphy.

Silting of reservoirs, by W. M. Reed.

Farm-unit classification, by D. W. Ross.

Cost of power for pumping irrigated water, by H. A. Storrs.

Records of flow at current-mefer gaging stations during thefrozen season, by F. H. Til.lin—
ghast,

147. Destructive floods in United Statesin 1904, by E. C. Murphy and others. 1905.
206 pp., 18 pls. 15c.

Contains a brief account of “A method of computing cross-section area of waterways,” in-
cluding formulas for maximum discharge and areas of cross section.
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Weir experiments, coefficients, and formula.s, by R. E. Horton. 1906. 189
Pp., 38 pls. (See Water-Supply Paper 200.) 15c.
Scope indicated by title.

F1eld assay of water, by M. O. Leighton. 1905. 77 pp., 4 pls.

Discusses methods, instruments, and reagents used in determining turbidity, color, iron,
chlorides, and hardness in comlection with the studies of the quality of water in various parts
of the United States.

A review of the laws forbidding pollution of inland waters in the United States,
second edition, by E. B. Goodell. 1905. 149 pp.
Scopeindicated by titlei ) .

Fluctuations of the water level in wells, with special reference to Long Island.
N. Y, A.C. Veatch. 1906. 83 pp., 9 pls. 25c.

Includes general discussion of fluctuations due to rainfall and evaporation, barometric
changes, temperature changes, changes in rivers, changes in lake level, tidal changes, effects of
settlement, irrigation, dams, underground-water developments, and toindeterminate causes.

Underground water papers. 1906; M L. Fuller, geologist in charge. 1906.

104 pp., 1 pl.

Gives account of work in 1905; lists publications relating to underground waters, and con-
tains thefollowing brief reports of general interest:

Significance of the term “artesian,’”” by Myron L. Fuller.

Representation of wells and springs on maps, by Myron L. Fuller.

Total amount of free water in the earth’s crust, by Myron L. Fuller.

Use of fluorescein in the study of underground waters, by R. B. Dole.

Problems of water contamination, by Isaiah Bowman.

Instances of improvement of water in wells, by Myron L. Fuller.

Destructive floods in the United States in 1905, with a discussion of flood dis-

charge and frequency and an index to flood hterature by E. C. Murphy and
others. 1906. 105 pp., 4 pls. 15c. -

Bibligoraphic review and index of underground-water literature published in
the United States in 1905, by M. L. Fuller, F. G. Clapp, and B. L. Johnson.
1906. 130 pp. 15c.

Scope indicated by title.

Prevention of stream pollution by distillery refuse, based on investigations at
Lynchburg, Ohio, by Herman Stabler. 1906. 34 pp., 1 pl. 10c.

Describes grain distillation, treatment of slop, sources, character, and effects of effluents on
streams; discusses filtration, precipitation, fermentation, and evaporation methods of disposal
of wastes without pollution.

Turbine water-wheel tests and power tables, by R. E. Horton. 1906. 134

Pp., 2 pls. 20c.
Scope indicated by title.

Investigations on the purification of Boston sewage, * * * with a history
of the sewage-disposal problem, by C.-E. A. Winslow and E. B. Phelps.
1906. 163 pp. 25c.

Discusses composition, disposal, purification, and treatment of sewages and tendencies in
sewage-disposal practice in England, Germany, and the United States; describes character of °
ernde sewage at Boston, removal of suspended matter, treatment in septic tanks, and puri-
fication by intermittent sand filtration and in beds of course material; gives bibliography.

Stream pollution by acid-iton wastes, a report based on investigations made at

Shelby, Ohio, by Herman Stabler. 1906. 36 pp., 1 pl.

Gives history of pollution by acid-iron wastes at Shelby, Ohio, and of resulting litigation;
discusses effect of acid-iron liquors of sewage-purification processes, recovery of copperas from
acid-iron wastes, and other processes for removal of pickling liquor.
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Determination of stream flow during the frozen season, by H. K. Barrows and
R. E: Horton. -1907. 93pp.,1pl. 15c.
Seope indicated by title.

The prevention of stream pollution by strawboard waste, by E. B. Phelps.

1906. 29 pp., 2 pls.

Describes manufacture of strawboard, present and proposed methods of dmposal of waste
liquors, laboratory investigations of precipitation and sedimentation, and field studies of
amounts and character of water used, raw material and finished product and mechanical
filtration.

Pollution of Illinois and Mississippi rivers by Chicago sewage (a digest of the
testimony taken in the case of the State of Missouri ». The State of Illinois
and the Sanitary District of Chicago), by M. O. Leighton. 1907. 369 pp.,
2 pls.

Scopeindicated by amplification of title.

Weir experiments, coefficients, and formulas (revision of paper No. 150), by
R. E. Horton. 1907. 195 pp., 1 pl. 35c.
Seope indicated by title,

The pollution of streams by sulphite-pulp waste, a study of possible remedies
by .E. B. Phelps. 1909. 37 pp., 1 pl. 10c.

Describes manufacture of sulphite pulp, the waste liquors, and the experimental work lead-
ing to suggestions as to methods of preventing stream pollutjon.

The disinfection of sewage and sewage filter effluents, with a chapter on the
putrescibility and stability of sewage effluents, by E. B. Phelps. 1909.
91 pp., 1 pl. 15c.

Scopeindicated by title.

Papers on the conversion of water resources. 1909. 96 pp., 2 pls. 15c.
Contains the following papers, whose scope is indicated by their titles: Distribution of

fall, by Henry Gannett; Floods, by M. O. Leighton; Developed water powers, compiled under
the direction of W. M, Steuart, with discussion by M. O. Leighton; Undeveloped water powers,
by M. O. Leighton; Irrigation, by F. H. Newell; Underground waters, by W, C. Mendenhall;
Denudation, by R. B. Dole and Herman Stabler; Control of catchment areas, by H. N. Parker.

The purification of some textile and other factory wastes, by Herman Stabler.
and G. H. Pratt. 1909. 76 pp. 10c.

Discusses waste waters from wool-scouring, bleaching, and dyeing cotton yarn, bleaching
cotton piece goods and manufacture of oleomargarine, fertilizer, and glue.

The quality of surface waters in the United States: Part I, Analyses of waters
east of the one hundredth meridian, by R. B. Dole. 1909 123 pp. 10c.

Describes collection of samples, methods of examination, preparation of solutions, accuracy
of estimates, and expression of analytical results.

The public utility of water powers and their governmental regulation, by René
Tavernier and M. O. Leighton. 1910. 161 pp. 15c. :

Discusses hydraulic power and irrigation, French, Italian, and Swiss legislation relative to
the development of water powers, and laws proposed in the French Parliament; reviews work
of bureau of hydraulics and agricultural improvement of the French department of agricul-
ture and gives résumé of Federal and State water-power legislation in the United States.

Underground waters for farm use, by M. L. Fuller. 1910. 58 pp., 17 pls. 15c.
Discusses rocks as sources of water supply and the relative saftey of supplies from different
materials; springs, and their protection; open or dug and deep wells, their location, yields,
relative cost, protection, and safety; advantages and disadvantages of cisterns and combina-
tion wells and cisterns.
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Well-drilling methods, by Isaiah Bowman. 1911. 139 pp.,4 pls. 15c.

Discusses amount, distribution, and disposal of rainfall, water-bearing rocks, amount of
ground water, artesian conditions, and oil and gas bearing formations; gives history of well
drilling in Asia, Europe, and the United States; describes in detail the various methods and
the machinery used; discusses loss of tools and geologic difficulties; contamination of well waters
and methods of prevention; tests of capacity and measurement of depth; and costs of sinking
wells.

Underground water papers, 1910, by M. L. Fuller, F. G. Clapp, G. C. Matson,
Samuel Sanford, and H. C. Wolff. 1911. 123 pp., 2 pls. 15c.

Contains the following papers (scope indicated by titles) of general interest:
Drainage by wells, by M. L. Fuller,

Freezing of wells and related phenomena, by M. L. Fuller.

Pollution of underground waters inlimestone, by G. C. Matson.

Protection of shallow wellsin sandy deposits, by M. L. Fuller.

Magnetic wells, by M. L, Fuller.

-Some stream waters of the western United States, with chapters on sediment

carried by the Rio Grande and the industrial application of water analyses,
by Herman Stabler. 1911. 188 pp. 15c.

Describes collection of samples, plan of analytical work, and methods of analyses; discusses
soap-consuming power of waters, water softening, boiler waters, and water for irrigation.

The purification of public water supphes, by G. A. Johnson. 1913." 84pp., 8
pls. 10c.

Discusses ground, lake, and river waters as public supplies, development of waterworks
systems in the United States, water consumption, and typhoid fever; describes methods of
filtration and sterlization of water, and municipal water softening.

The Ohio Valley flood of March—April, 1913 (including comparisons with some
earlier floods), by A. H. Horton and H. J, Jackson. 1913. 96 pp., 22, pls. 20c.

Although relating specifically to floods in the Ohio Valley, thisreport discusses also the causes
offloods and the prevention of damage by floods.

The effects of ice on stream flow, by William Glenn Hoyt. 1913. 77 pp., 7
pls. 15c.

Diseusses methods of measuring the winter flow of streams.

Contributions to the hydrology of the United States, 1914; N. C. Grover, chief
hydraulic engineer. 1915. 225 pp.,17pls. 30c. Contains:

(e) A method of determining the daily discharge of rivers of variable slope, by M. R. Hall,
W. E. Hall,and C. H. Pierce, pp. 53-65.

. - .
Water analysesfrom the laboratory of the United States Geological Survey, tabu-
lated by . W. Clarke, chief chemist. 1914; 40 pp 5c.

Containsanalyses of waters from rivers, lakes, wells, and springsin various parts ofthe United
States, ineluding analyses of the geyser water of Yellowstone National Park, hot springs in
Montana, brines from Death Valley, water from the Gulf of Mexico, and mine waters from
Tennessee, Michigan, Missouri and Oklahoma, Montana, Colorado, and Utalt, Nevada and
Arizona, and California.

Equipment for current-meter gaging stations, by G. J. Lyon. 1915. 64 pp.,
37 pls. 20c.

Deseribes methods of insta.llmg automatic and other gages and of constructing gage wells,
shelters, and struetures for making discharge measurements and artificial controls.

Contributions to the hydrology of the United States, 1915; N. C. Grover, chief

hydraulic engineer. 1916. 181 pp., 9 pls. 15c.

Contains three papers presented at the conference of engineers of the water-resources branch
in December, 1914.

# (¢) Therelation ofSteam gaging to the seience of hydraulies, by C, H. Plerce and R. W, Dav-
enport, pp. 77-84.

(e) A method for correcting river discharge for changing stage, by B. E. Jones, pp. 117-130.

(f) Conditions requiring the use of automatic gages in obtaining records of steam flow, by
C. H. Pierce, pp. 131-139.
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*400. Contributions to the hydrology of the United States, 1916; N. C Grover, chief
hydraulic engineer. 1917. 108 pp., 7 pls. Oonta.ms

(a) The people’sinterest in water-power resources, by G. O. Smith, pp. 1-8. .

* (¢) The measurement of silt-laden streams, by R. C. Pierce, pp. 39-51.

(d) Accuracy ofstream-flow data, by N. C. Grover and J. C. Hoty, pp. 53-59.

416. The divining rod, a history of water witching, with a bibliography, by Arthur
J.Ellis. 1917, 59pp. 10c.

A brief paper published “merely to furnish a reply to the numerous inquiries that are con-
tinually being received from all parts of the country” as to the efficacy of the divining rod for
locating underground water.

425. Contributions to the hydrology of the United States, 1917; N. C. Grover, chief
hydraulic engineer. 1918. Contains:

(c) Hydraulic conversion tables and convenient equivalents, pp. 71-94. 1917,

427. Bibliography and index of the publications of the United States Geologlcal
Survey relating to ground water, by O. E. Meinzer. 1918. 169 pp., 1pl.

Includes publications prepared, in whole or part, by the Geological Silrvey that treat any
phase of the subject of ground water or any subject directly applicable to ground water. Illus-
trated by map showing reports that cover specific areas more or less thoroughly.

ANNUAL REPORTS.

*Fifth Annual Report of the United States Geological Survey, 1833-84, J. W. Powell,
Director. 1885. xxxvi, 469 pp., 58 pls. $2.25. Contains:

* Therequisite and qualifying conditions of artesian wells, by T. C. Chamberlin, pp. 125-173,
pl.21. Scopeindicated by title.

Twelfth Annual Report of the United States Geological Survey, 1890-91, .T W. Powell,
Director. 1891. 2 parts. *Pt. II, Irrigation, xviii, 576 pp., 93 pls. $2.
Contains:

*Trrigation in India, by H. M. Wilson, pp. 368-561, pls. 107 to 146. See Water-Supply
Paper 87. .

Thirteenth Annual Report of the United States Geological Survey, 1891-92, J. W.
Powell, Director. 1892. (Pts. IT and IIT, 1893.) 3 parts. *Pt. III, Irri-
gation, xi, 486 pp., 77 pls. $1.85. Contains:

* American irrigation engineering, by H. M. Wilson, pp. 101-349, pls. 111 to 145. Discusses
the economic aspects of irrigation, alkaline drainage, silt and sedimentation; gives brief history
of legislation; describes perennial canals in Idaho, California, Wyoming, and Arizona; dis-
cusses water storage at reservoirs of the California and other projects, subsurface sources of
supply, pumping, and subirrigation.

Fourteenth Annual Report of the United States Geological Survey,1892-93,J. W,
Powell, Director. 1893. (Pt. II, 1894.) 2 parts. *Pt. II, Accompanying
papers, xx, 597 pp., 73 pls. $2.10. Contains:

* Potable waters of the eastern United States, by WJ McGee, pp. 1 to 47. Discusses cistern
water,stream waters, and ground waters, including mineral springs and artesian wells.

* Natural mineral waters of the United States, by A. C. Peale, pp. 49-88, pls. 3 and 4. Dis-
cusses the origin and flow of mineral springs, the source of mineralization, thermal springs, the
chemical composition and analysis of spring waters, geographic distribution, and the utilization
of mineral waters; gives alist of American mineral spring resorts; contains also some analyses.

Nineteenth Annual Report of the United States Geological Survey, 1897-98, Charles

- D. Walcott, Director. 1898. (Parts II,TII,and V, 1899.) 6 partsin 7 vols.

and separate case for maps with Pt. V. *Pt. II.—Papers chiefly of a theoretic
nature, v, 958 pp., 172 pls. $2.65. Contains:

* Principlesand conditions ofthe movements of ground water, by F. H, King, pp. 59-294, pls.
610 16. Discusses the amount of water stored in sandstone, in soil, and in other rocks, the
depth to which ground water penetrates; gravitational, thermal, and capillary movements of
ground waters, and the configuration of the ground-water surface; gives the results of experi-
mental investigations on the flow of air and water through a rigid, porous medium and through
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sands, sandstones, and silts; discusses results obtained by other investigators, and summarizes
results of observations; discusses also rate of flow of water through sand and rock, the growth of
rivers, rate of filtration through soil, interference of wells, etc.

* Theoretical investigation of the motion of ground waters, by C. 8. Slichter, pp. 295-384, pl.
17. Scopeindicated by title.

PROFESSIONAL PAPERS.

*72. Denudation and erosion in the southern Appalachian region and the Monon-
gahela basin, by L. C. Glenn. 1911. 137 pp., 21 pls. 3b5c.

Describes the topography,.geology, drainage, forests, climate and population, and trans-
portation facilities of the region, the relation of agricultural lumbering, mining, and power
development to erosion and denudation, and the nature, effects, and remedies of erosion; gives
details of conditions in Holston, Nolichucky, French Broad, Little Tennessee, and Hiwassee
river basins, along Tennessee River proper, and in the basins of the Coosa-Alabama system,
Chattahoochee, Savannah, Saluda, Broad, Catawba, Yadkin. New, and Monongahela rivers.

86. The transportation of débris by running water, by G. K. Gilbert, based on exper-
iments made with the assistance of E. C. Murphy. 1914. 263 pp., 3 pls.
70c. :

The results of an investigation which was carried on in a specially equipped laboratory at
Berkeley, Cal., and was undertaken for the purpose of learning “the laws which control the
movement of bed load and especially to determine how the quantity of load is related to
thestream slope and discharge and to the degree of comminution of the débris.”

105. Hydraulic-mining débris in the Sierre Nevada, by G. K. Gilbert. 154 pp.,
34 pls. 1917. 50c.

Presents the results of an investigation undertaken by the United States Geological Survey
in response to a memorial from the Californla Miners’ Association asking that a particular
study be made of portions of the Sacremento and San Joaquin valleys affected by detritus
from torrential streams. The report deals largely with geologic and physiographic aspeets of
the subject, traces the physical effects, past and future, of the hydraulic mining of earlier
decades, the similar effects which certain other industries induce through stimulation of the
erosion of the soil, and the influence of the restriction of the area of inundation by the construc-
tion of levees. Suggests cooperation by several interests for the control of the streams now
carrying heavy loads of débris.

BULLETINS.

*32. Lists and analyses of the mineral springs of the United States (a preliminary
study), by A. C. Peale. 1886. 235 pp.
Defines mineral waters, lists the springs by State, and gives table of analyses. .

*319. Summary of the controlling factors of artesian flows, by Myron L. Fuller. 1908.
44 pp. 7 pls. 10c.
Describes underground reservoirs, the source of ground waters, the confining agents, the
primary and modifying factors of artesian circulation, the essentialand modifying factors of
artesian flow, and typical artesian systems. .

*479. The geochemical interpretation of water analyses, by Chase Palmer 1911, 31

pp. bec.

Discusses the expression of chemical analyses, the chemical character of water and the prop-
ertiesof natural waters; gives a classification of waters based on pmperty valuesand reacting val-
ues, and discusses the character of the waters of certain rivers as interpreted directly from the
results of analyses; discusses also the relation of water properties to geologieal formations, silica
in river water, and the character of the water of the Mississippi and the Great Lakes and
St. Lawrence River as indicated by chemical analyses.

616. The data of geochemistry (third edition), by F. W. Clarke. 1916. 821 pp.
45c,

Earlier editions were published as Bulletins 330 and 491. Contains a discussion of the
statement and interpretation of water analyses and a chapter on “Mineral wells and springs”
(pp- 179-216). Discusses the definition and classification of mineral waters, changes in
composition of water, deposits of calcareous, ocherous, and siliceous materials made by wa-
ter, vadoss and juvenile waters, and thermal springs’in relation to volcanism. Describes
the different kinds of ground water and gives typmal analyses. Includes a brief bibliography
of papers containing water analyses.
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[A==Annual Reports; M=Monograph; B==Bulletin; P==Progessional Paper; W=Water-Supply Paper,
G F=Geologic folio.}

Artesian waters: Essential conditions. ............c.......... A5; B 319; W67, 114
Bibliographies 1. ... .ottt iiciiiieeaaaaa W 119, 120, 163, 427
Chemical analyses:? Methods and interpretation.. W 151 236, 254, 274, 364; B 479, 616
COMBEIVALION . . _ - - oottt e e aieaaiaaan. W 234
Conversion tables....................... et cteeeeeeaecceaaaaneaan W 425¢
Débris reports..... . ..oovoii i e tetreaeraterenacaaeas P 86,105
Denudation. ......... e iiiiieeideieceeeiceceecananene P72
DivInng 1od . - oo e e i aeaaaanan eeenaas W 416
Engineering methods. . ... ... . i iiiiiiiiiiiiiieieiiteienaaaaas Wi,

3,8, 20, 41,42, 43, 56, 64, 93, 94, 95, 110, 143, 146, 150, 180,
187, 200, 257, 337, 345e, 371, 375¢, 875¢, 375f, 400¢, 400d

1T W 96,147, 162, 334
TCe Measurements. . . .. ... oo iaiiiaea e taaaaaaaaann W 146, 187, 337
Illinois: Quality of waters, etc...... ... . .. .....coooo... W 194, 236, 239, 188, 195
Surface Waters. ... ... ... . i iiiiiiiiaiiicann A 17ii, 18iv; W 239
Underground waters. . ... ...ciiiiiiereecrnncenoreiranancnaneannnn M 38;

A 171ii; B 264,298; W 57, 114 149; G F 145, 185, 188, 195, 200

India: Irrigation...... ... ............... . reerenrann A12ii; W87
. Indiana: Quality of waters. ... ... ... . ciiiiiiiiiiiaiiiaaann A 18iv; W 236,254
Surface Wabers. . . ....uiiiieiiniiinareansanacacnonannnn A18iv; W 147
Underground waters................ A 18iv; B 298; W 21,57, 114, 149, 254

Towa: Quality of waters... ... ... .. W 236, 293
Surface waters. . ...... ... i iiiiiiiiiiieeenaa W 162, 3457
Underground waters......... B 264,298; W 57 114, 145, 149, 293; G F 145, 200
Irrigation, general........................ A 12 ii, 13 iii; W 20, 22,41, 42, 87, 93, 146

Legal aspects: Surface waters...............oooiiiiiiiiiiiiiiin... W 103, 152, 238
Underground waters........... e ieeeeeeeireraaeaa W 122

Mineral springs: Analyses........ .. ... ..oiiiiiiiiiiiiiiiiiiaa., A 14ii; B 32
Origin, distribution, ete....... .. ...l Al4ii

3T B 32; Wil4

Minnesota: Quality of waters............. U e W 102, 193, 236, 256

Surface waters...... ... i . W162,193
Underground waters.. M 25; B 298; W 57,102, 114, 149, 256; G F 117, 201

Missouri: Quality of waters, efc... ... ... ... i.iiiiiiiiiiiaann. W 102, 195, 236

Surface waters. ... .. ... iiiiiiiiiieiciiceeaaa W 162
Underground waters............. B 298; W 57,102,110, 114, 145, 149,195

Montana: Underground waters. ......... ... .. ... .. iiiiiiiiioceann W 57,149
Motions of ground waters................. ... ... A 19ii; B 319; W 67, 110, 140, 1556

North Dakota: Underground waters. .M 25; A 17 ii; B 298; W 61,117,149; G F 117,168
Pollution: By industrial wastes. ............... ... ...... W 179, 186, 189, 226, 235
By sewage. . - oeiiii e W 72,79,194

Laws forbidding....... ... . .. . ... W 103, 152
Indicesof................ . ... ... e W 144, 160

1 Many of the reports contain brief subject bibliographies See abstracts.
2 Many analyses of river, spring, and well waters are scattered through publications, as noted in abstracts.

XXyI



XXVIII INDEX BY AREAS AND SUBJECTS.

Profiles of TIVErS . . ... oottt W 44,417
Sanitation; quality of waters; pollution; sewage irrigation. ...... SO W 3,

22,72,79,108, 110, 113, 114, 144, 145, 152, 160, 179,
185, 186 189, 194 226, 229, 235, 236, 255, 258, 315

Sewage disposal and purification. .............. oL W 8,22,72,113, 185, 194, 229
South Dakota: Surface waters. .. ......o.ooiueiomiaeai oo W 147,162
Underground waters. . .. .. A 17ii, 18iv; P 32; B 298; W 61, 149, 227

Underground waters: Legal aspects. .. .....coiimiiniiiiiiiiiiiiiianaanns W 122
Methods of utlhzatlon ........................ W 114, 255, 257

PONUEION. -« e eenee e W 110, 145, 160, 258

Windmill papers.........ocooooeiooi... . W 1,8,20,41,42
Wisconsin: River profiles........ ... ... . .. . ... ...l W 417
Surface Waters ... ... ... it iieiaaeaaaan. W 156
Underground waters................ B 298; W 61, 114,145, 149; G F 145
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Apple River, Wis................
Baraboo River, Wis.............
Beaucoup Creek, Ill. ............
Big Eau Pleine River, Wis.......
Big Fork, Minn..................
Big Muddy River, TIl............
Black River, Minn. . ............
Black River, Wis. .. ...... P
Blue Earth River, Minn. _.......
Cahokia Creek, IIl................
Cannon River, Minn..............
Catfish River, Wis. ... ...........
Cedar River, Towa..._...........
Cedar River, Minn..............

Cedar River, Red, Wis. . . ........

Chippewa River, Minn...........
Chippewa River, Wis............
Chippewa River, West-Fork, Wis.
Clearwater River, Minn. .. .......
Cottonwood River, Minn. ... .....
Crow River, Minn................

Crow River, North Fork, Minn. ...

Crow River, South Fork, Minn....
Crow Wing River, Minn_......._.
Des Lacs River, N. Dak.........
Des Moines River, Towa-Minn. .

Des Plaines River, Ill.............
Devils Lake, N. Dak. .

Eau Claire River, Wis. (tnbutary‘

to Chippewa R1ver) ............
Eau Claire River, Wis. (tributary

to Wisconsin River).............
Eau Pleine River, Big, Wis. .. ...
Elk River, Minn...............
Flambeau River, Wis..........._.
Fox River, Ill.....................
Illincis River, I1l.................
Towa River, Towa._..............
Towa River, Upper, Towa. ... ...
Jump River, Wis..................
Kankakee River, Ill.-Ind.........
Kaskaskia River, I1l. . _.........
Kawishiwi River, Minn. ... .. ...
Kennedy Creek, Mont.............

VIII

X

]

Ix
VIII

IX

X
vix
VIII
Vi
VIII

VIII
var
Vi
1X

IX
X

IX

X

Page,
Kettle River, Minn.............. Ix
Kickapoo River, Wis........... Ix
Lac qui Parle River, Minn._........ - VIIX
La Crosse River, Wis............ Ix
Little Fork, Minn.............. ... VIIL
Little Rib River, Wis........... IX
Long Prairie River, Minn. . ... .. viI
Maquoketa River, Iowa......... 1X
Mendota Lake, Wis. .. .......... X
Minnesota River, Minn............ VI
Mississippi River, Minn. ... ..... v
Mouse River, N. Dak.............. Vi
‘Muddy River, Big, II........... SO < i
Mustinka River, Minn............. VI
Namakagon River, Wis............ 5.4

North Branch or Fork. See name of
main stream.

Ottertail River, Minn.......... vII
Pecatonica River, I111.-Wis..... ... x
Pelican River, Minn._............. vII
Pembina River, N. Dak.......... v
Pine River, Minn. ... ......... Vi1
Plover River, Wis. . .............. X
Prairie River, Minn............... VI
Prairie River, Wis................ X
Raccoon River, Towa.............. b d
Rainy Lake, Minn................ vix
Rainy River, Minn.............. VI

Red Cedar River, Wis........... X
Red Lake River, Minn........ VII, VIIX
Red River, Minn., N. Dak., Mani-

toba.. .- et vig
Redwood Rlver, an. Tt VI ¢
Rib River, Little, Wis.. . ......... X
Rock River, Wis.-Ill....._........ IX, X
Root River, Minn............... X

Root River, North Branch, Minn.. 1x

Roseau River, Canada............. psis
Roseau River, West Branch, Minn. v
Rum River, Minn_._............ . VI
St. Croix, River, Wis............ 5.4
St. Mary River, Mont.-Alberta.... vII
Salt Creek, 111...... .. ... ... ... XI
Sandy River, Minn............... VI
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Sangamon River, Ill.............. X1
Sangamon River, South Fork, IiL. X1
Sauk River, Minn............... VIII
Sheyenne, River, N. Dak.._...... vIiI
Shellrock River, Towa......_...... b4
Shoal Creek, I1l................. XI
Silver Creek, IN................. X1

Skunk River, Iowa. . ... PO b4
Snake River, Minn. ....... ..... X
South Branch or Fork. See name
of main stream.

Spoon River, ... ... ..._..... X1
Sugar River, Wis. . .............. X
Swiftcurrent Creek, Mont. .. ..... vII
Thief River, Minn............... vIx
Tomahawk River, Wis........... x
Trempealeau River, Wis. . . ... .. X

INDEX OF STREAMS.

- Page.
Turkey River, Iowa............. . Ix
Two Rivers, South Branch, Minn.. vm
Upper Iowa River, Towa......... IX
Vermilion River, I1L. . ........... XI
Vermilion River, Minn.......... viir
Wapsipinicon River, Towa........ IX
West Branch or Fork. See name
of main stream.
Whetstone River, 8. Dak........ vur
Wild Rice River, Minn. . ........ VIt
Wisconsin River, Wis. .. ........ X
Yellow River, Ind.............. b4
Yellow River, Wis. ... .......... Ix
Zumbro River, Minn............ 5.4
Zumbro River, South Branch,
Minn.. ... ... coiiiiiiiaiiaas 1X
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